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Using a potential derived from continuum elasticity, 
the interactions between kinks on a dislocation line are 
studied as special cases of the problem of a one-dimensional 
system of interacting particles. By the use of constant 
pressure ensembles, the principal kink-interaction problems 
of physical interest are solved. The application of these 
solutions to the theoretical analyses of work hardening and 
internal friction is explored and comparisons made to 
previous work in which kink interactions were neglected; 
it is found that, as would be expected, variations of 
equilibrium kink populations with external stress cannot 
account for the Bordoni peak, Which must therefore be 
identified with a relaxation time phenomenon. A new type 
of internal friction is predicted, with a logarithmic 
decrement independent of frequency but showing a sharp 
amplitude dependence opposite in slope to that previously 
predicted from consideration of kinks. 
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PARTIAL LIST OF SYMBOLS USED 
Helmholtz free energy 
Nearest-neighbor lattice spacing (sometimes 
referred to simply as "lattice spacing") 
b Burgers vector (absolute magnitude) 
b Burgers vector 
c Measure of lateral extension of kink 
dl Element of length 
D. Internal partition function of species i ~ 
D' Unimpeded dislocation length (average) 
e Cutoff radius for potential 
E Internal energy 







species i and j 
Gibbs free energy 




Modified Bessel function of the third kind 
Length of system 
Typical length for kink pair formation 
L' Separation of kink groupings 
M Number of systems in an ensemble 
~ Shear modulus (averaged over crystal directions) 
~· Chemical activity of species i 
~ 
N Number of particles in a system 
N. Number of particles or kinks of species i 
~ 














particles or kinks of types i and j 
Forest dislocation density 
Momentum vector p 1 ..... pN 
Pressure 
Momentum of particle i 
Position vector q 1 ..... qN 
Position of particle i 
Canonical ensemble partition function 
Phase space probability factor 
Entropy 




Number of possible states of a system 
Linear coordinate 
Generalized extensive variable 
Linear coordinate 




The subject of this dissertation is the application 
of constant pressure ensemble formulations to the study 
of kinks in dislocations. Before beginning such a 
theoretical analysis, it is appropriate to define kinks 
and to explain why they are important. Consider a 
dislocation line constrained to have an average direction 
which does not correspond to a close-packed direction of 
the crystal lattice. If the Peierls forces( 66 )which 
constrain it to lie in close-packed directions are stronger 
than the line-tension effect( 69) which tends to minimize 
the total dislocation length, the dislocation line will 
consist of a number of straight segments lying along close-
packed directions and connected by short segments where 
the dislocation line crosses from one close-packed direction 
to another. This situation is illustrated in Figure 1. 
There short connecting segments are called kinks if the 
orientation of the Burgers vector is such that they can move 
freely up and down the dislocation; otherwise they are 
called jogs. In the continuum limit, of course, the 
distinction disappears( 47,S9). Kinks will be called positive 
if the segment on the left hand side has a smaller Y-
coordinate than the segment on the right (see Figure 1); 
otherwise they will be called negative. 
That the detailed microscopic structure and behavior 
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of kinks have measurable effects on the properties of 
solids was first proposed by Bordoni(l5,l6 ), who studied 
the low-temperature internal friction properties of metals 
and found a component of the internal friction which 
depends on the degree of prior strain but not on the impurity 
content; this he attributed to the creation and annihilation 
of closely-spaced positive-negative kink pairs (see Figure 
2). The first measurements were on copper, but the effect 
has been found in a number of other metals, notably lead(59), 
germanium(44,79), and silicon(79). 
Although other mechanisms were suggested from time 
to time(59), it appears that kink behavior of some type is 
the only adequate explanation for the experimental 
observations(7B,S7); thus one may say that kinks are worthy 
of study if one desires to understand the machanism of low-
temperature internal friction. It has also been suggested 
that kink motion is of great importance in high-temperature 
internal friction(74), work hardening( 6 ), creep(32 ), and 
polygonization(S2 ,S3). In all these cases, however, 
interpretation of the existing data in terms of microscopic 
mechanisms is to a greater or lesser extent in doubt; in 
this work, comparison with experimental data is made only 
for the cases of internal friction and work hardening. 
The attempt to formulate mathematically the interactions 
of kinks leads to severe difficulties. Kroupa and Brown(47) 
and Seeger and Schiller(76 )have shown that, in the elastic 
approximation, kinks of like sign repel and kinks of unlike 
sign attract one another according to a Coulombic potential 
(the analysis of Kroupa and Brown is summarized in Appendix 
A). This analysis appears to be sound in the case of kinks 
when the dislocation line connecting the kinks does not 
contain any intervening kinks; whether it holds for kinks 
which are not "nearest neighbors" is debatable. Brown( 47) 
thinks it does; Granato(37) asserts the opposite. Ardell 
et al. (3) assert that, in fact, kinks do not interact at 
all except when quite close to one another; they do not, 
however, support this assertion with a calculation of any 
interaction energies. Eshelby(33)has shown that a complete 
neglect of kink interactions leads one to conclusions which 
contradict accepted experimental phenomena and feels that, 
while the potential is not strictly Coulombic, it can be 
represented as proportional to lr + cl- 1 , where cis a 
measure of the lateral extension of the kink(34 ). 
In the light of this confusion regarding the pairwise 
interaction of kinks it is natural that, despite Eshelby's 
objections, the first computations of kink behavior were 
based on the assumption that kinks do not interact at all. 
Seeger et al. (75,76,77) have shown that the Bordoni peak 
can be explained qualitatively by assuming that dislocations 
continually generate kink pairs (of opposite sign), which 
in general collapse immediately (see Figure 2); they assume 
an attractive potential between kinks of unlike sign, but 
make no assumptions regarding its functional form. 
Brailsford( 18 ~ 19~ 20 ) shows that a different kink mechanism 
can be invoked to explain the same data; he specifically 
excludes kink interactions from his theory~ and further 
assumes that the lateral extension of a kink is small. 
This latter assumption is hard to attack or defend, largely 
because so little is known about the dislocation core~ 
despite various recent efforts to examine this area theo-
retically(28~4l,55~85~88). The assumption is probably 
sound for silicon and germanium( 64 ~78 ); it is generally 
regarded as unsound for face centered metals other than 
perhaps aluminum(77); and nobody has any clear ideas about 
the situation as regards metals with other crystal structures. 
Attempts to apply statistical mechanics to kinks have 
so far been very limited. Efforts to apply the usual 
classical canonical-ensemble formulation founder quickly 
because the relevant phase-space integrals are highly 
divergent. Lothe and Hirth(54 ) treated a single kink by 
a very intricate procedure; even if one concedes the 
validity of their approach~ he learns nothing about the 
behavior of systems of kinks. Ardell et al. (3) treated 
large assemblies of parallel kinks~ but their assumption 
that kink interactions are wholly negligible led to a 
solution whose principal features derived from precisely 
those kink configurations for which their assumptions are 
probably least valid; for they assume not only that long-
range kink interactions are negligible~ but also that kinks 
can approach arbitrarily close to one another without inter-
acting. 
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In the present investigation, a modified form of the 
Coulombic interaction potential of Kroupa and Brown( 47) 
is used for nearest-neighbor interactions, and interactions 
between kinks not nearest neighbors are assumed not to 
interact at all. The modification made in the potential 
function is shown to be reasonable in light of the detailed 
structure of the lattice. The statistical approach used is 
that of constant-pressure ensembles(38,40,53,72 ,8l); it 
is shown that this leads to convergent partition functions 
which can, in principle, be applied to any kink system with 
a nearest-neighbor modified Coulomb potential function, 
though the computational problems for some types of systems 
are very severe (see Appendix C). Detailed studies are made 
of systems of physical interest, and the results obtained 
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by this method are compared to those obtained by other 
approaches to the problems and, where possible, to experimental 
results. The "kink pressure" discussed by Southgate and 
Attard(7S) is treated and shown to have a simple physical 
interpretation; it is further shown that this pressure 
depends strongly on the interaction potential and that 
estimates made disregarding this potential are seriously 
in error. 
The basic prupose of this work is not to explain 
quantitatively the present experimental data; the present 
state of understanding of kink interactions and other 
phenomena in which dislocation core properties are important 
is too poor for this to be possible. The purpose is rather 
to develop a formalism by which the kink interactions can 
be incorporated in the existing theories without destroying 
the desirable features of theories. It is felt that, when 
a better understanding of these interactions is available, 
the methods applied in this dissertation can be used to 
make quantitative predictions; at present, the predictions 
made are basically qualitative. 
6 
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Figure f Parallel kinks on a dislocation line. 
--------~r-1~------~ ~----~r-1~------~LJr--------LJ 
Figure 2 Kink pairs 

(2 .2) 
In (2. 2) _{)_ is a volume in phase space. 
If one assumes_{)_ to be normalized and the particles 
to be indistinguishable, one can use~ as an ordinary 
distribution, a cumulative distribution, or the 
differential of a cumulative distribution: 
r+M 
(2. 3) 
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In any case, if the phase space is ergodic(49), 
the probability of finding a given system in a given 
volume of phase space is, because of the normalization 
of J2_ , simply: 
(2. 4) () - l f :::- _!L 
Now introduce the generalized ensemble: in the 
microcanonical ensemble three (or more) extensive 
variables are fixed: here N,E, and V. In many appli-
cations these are an inconvenient choice; for instance, 
very few processes are actually carried out at fixed 
internal energy rather than fixed temperature. The 
transformation to T as a variable rather than E leads to 
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the canonical ensemble, where N, T, and V are fixed. 
If one wishes to regard N as a variable and the chemical 
potential (or potentials) ~. (40) as fixed in systems 
~ 
belonging to the ensemble, the resulting ensemble is called 
a grand canonical ensemble. It is apparent that, at least 
formally, one can eliminate any extensive variable as an 
ensemble parameter and replace it with its conjugate 
intensive variable. 
To do this, consider a very large number M of systems 
which are weakly coupled so that the values X. for some 
~ 
extensive variable may vary and only their sum is fixed 
(e.g., one can consider a large number of constant-energy 
systems separated by thermally conducting walls and then 
separated from the rest of the universe by a thermal 
insulator). Thus, one develops the basic properties of 





A is the Helmholtz free energy. 




The derivation of a (T,p,N) ensemble - a constant 
pressure ensemble - from the canonical ensemble is no 
more difficult in principle, though the mechanics of 
its construction are somewhat awkward(21 ). Its 
properties may be summarized: 
(2. 7) 
Once one has constructed this ensemble, there is 
no mechanical difficulty in constructing a (T,p,~) 
ensemble - a constant-pressure grand canonical 
ensemble - whose properties, formally, would be(72 ): 
_ «> -~PV y ( 1 , P, u '): J .:::: ( .~.t , , v, r) e J v 
D 
(2. 8) ] _, ~ ~ b :=- [Y(T, F!-":) PTP :-1 
\: = e ~A: 
However, as pointed out by Prigogine(68 ), there 
is a very serious fundamental question concerning the 
constant-pressure grand .lcanonical ensemble: > T, p, and~ 
are not independent; they are related by a nonholonomic 
constraint, the Gibbs-Duhem relation(40) 
(2.9) z N: J.M.: - V~P ... sJ r ::0 
• 
ll 
Sack(72 ) and Brown(2 l) discuss the problems 
raised by this. Since this investigation is not a 
fundamental study of ensembles but rather a study of 
their application to specific metallurgical problems, 
it seems appropriate not to discuss these problems in 
detail, but to point out that though the fundamental 
problems are not wholly resolved, the constant-pressure 
grand canonical partition function can be used to solve 
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problems and that, when it is applied to problems whose 
solutions are already known, it gives the correct answers(72 ). 
However, in the present investigation it appears to be 
inadequate to produce the required information, such as 
equilibrium kink populations. The means used to 
circumvent this obstacle are described in detail in 
Chapter 4. 
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CHAPTER 3 
APPLICATION OF ENSEMBLES TO A 
RECTILINEAR KINK ASSEMBLY 
The statistical mechanics of noninteracting 
particles, whether interchangeable or not, has proven 
to be a fairly simple matter(40), but the construction 
of partition functions for systems of interacting 
particles is found to offer almost insuperable 
difficulties. However, a number of special techniques 
are known(38, 46 ,53, 67,Sl) for various types of one 
dimensional systems with nearest-neighbor interactions; 
the only ones among these which are readily applicable 
to kinks depend upon the properties of convolutions. 
These properties, which are treated in considerable 
detail in Doetsch(30), will be discussed briefly. 
The convolution of two functions f and g is 
defined by: 
(3.1) f1t~= 
It may also be defined by the following expression, 
if the functions are assumed to vanish for negative 
values of their arguments: 
(3. 2) 
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It can be proven that, in general, the convolution 
operation is associative and commutative. Further, it 
can be shown that if J (f) is defined by 
then the following relations 
hold: 
f(ftc~) ~ jCf). f.C~) 
(3. 4) ,...c. r ( f, .. {, ........ f ... ) , I c t ( f J J 
Now with these results in mind, one can construct 
a constant-pressure canonical ensemble partition 
function for a rectilinear system of identical or 
nonidentical particles. This was first done by 
Takahasi(Sl) who did not, however, apply the method 
systematically to a system of physical interest. 
G~rsey(3S) showed that the method led very neatly to a 
complete solution of the properties of a rectilinear 
hard-sphere gas. To show what can be done with the method 
if a problem has sufficiently simple properties, his 
solution is reporduced in Appendix A. 
It is very unfortunate that this analysis is 
restricted to one-dimensional systems with nearest-
neighbor interactions, and several methods have been 
developed to extend it. Byckling(25) has shown that a 
15 
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very similar method can be used to study systems with 
interactions between more remote neighbors; unfortunately, 
his method leads to computational problems of great 
complexity. He reported in 1962 that computations were 
in progress on some imperfect gas problems (much simpler 
mathematically than kink problems). Three and a half 
years after publication of his paper the results of 
these computations had still not appeared. Several 
more or less successful efforts have been made to 
extend similar methods to certain two- and three-
dimensional problems( 4 ,5, 49), but the problems 
tractable by these methods are gas problems with no 
interesting analogues in dislocation theory. Essentially, 
the problem is that the simplicity of the method is 
due to its reliance on the transformation properties of 
the convolution, which have no analogues in multi-
dimensional systems. 
This method will now be illustrated by solution of 
the simplest interesting problem in the statistical 
mechanics of kink interactions: that of a large number 
of parallel kinks confined to an otherwise straight 
dislocation segment pinned at both ends, as illustrated 
in Figure 1. 
Consider (N+2) kinks, numbered 0,1,2, .... (N+l) and 
constrained to move only in the X-direction. Let the 
X-coordinate of the jth kink be qj. Suppose that by 
some pinning mechanism one kink is fixed with q = 0, and 
17 
another is fixed with q = L. Suppose that the interaction 
energy of the kinks can be written: 
(J-tl tJ-tl 
(3-5) E = k T [ [_ ( ~j_,IHI -t ~J_,£<-1) f ( ~j- ~I() 
,j.:o K:o 
If the Hamiltonian of the system is separable, Q, 
the canonical-ensemble partition function, can be written: 
(3.6) Q. :: R (N-t-1).' 
Here R is the result of integration over the 
momentum coordinates and is independent of the inter-
actions. The factor (N+2)! appears because the kinks 
are assumed indistinguishable; the sum S is taken over all 
orderings of the kinks on the X-axis. The region Rs is the 
part of q-space corresponding to the ordering of the q. in 
1. 
termS. The terms in S differ only in the permutation of 
identical objects; hence one would expect the integral to 
be independent of the index S, and so one can rewrite (3.6) as: 
f S ~c( ~···. ~,v) ..I J (3.7) Q.~ R ·· .. e- J~, ... rt~·· 4,., R, 
In equation (3-7) the integration is carried out for 
a given ordering of the kinks on the X-axis: say, 
0,1,2 .... N+l. The integral can then be written in a more 
convenient form: 
(L. \IJttv) 1~V·I ~ftt. _ f.E(~,···· ~IV) 
(3.8) 02 = R l j . . . e J'f,· ... J~/V 
0 0 0 
u 
Using equation (3.5) one can rewrite this as: 
This is in the form of a multiple convolution, and 
it is this fact which permits a convenient solution of 
the problem. Referring to Sack's paper(72 ), it is seen 
that: 
.§_ liD 
- k'T - roe-SL Q(L)J L (3.1o) e - J where 5: L leT 
Inserting equation (3.9) into this and letting: 
(3.11) (' S ~ - .(C'tc) }.e- e h ~ F(s) 
C) 
one sees that, if the coupling 
between internal modes of dislocations is neglected, 
permitting one to factor R as the product of N momentum 
integrations, there follows in the limit of large N: 
G 
-(3.12) - lt,'T" e 
By elementary manipulations, 
G 
(3.13) NJ.T '=' - I ~ D - '"" {:"(s) 
lR 
Consider now the Coulombic potential developed by 
Kroupa (as discussed in Appendix A): 
(3. 14) 
Here the constant A depends upon whether the 
dislocation in question is screw, edge, or mixed. Using 
this pair potential, one finds that the function F(s), 
which is of course also a function of T, is given by: 
(3.15) 
In this expression K_ 1 (z) is a Bessel's function 
of the third kind(S6 ) and z is defined by: 
(3.16) z.~ 2 rs j-t; 
Making use of the relations between Bessel 









In (3.17) the internal energy given is the internal 
energy of interaction only, and excludes contributions 
from internal modes. 
l'i 
It must be noted that, because of the one-dimensional 
nature of the problem, the "kink pressure" has the units 
of energy per unit length, as was observed by Southgate 
and Attard(7B). Equations (3.16), (3.17), (3.18) 
constitute the solution to the statistical problem; 
their application to specific physical problems will be 
discussed in the next chapter. 
It remains to discuss the application of constant-
pressure ensembles to systems containing antiparallel 
kinks (kinks of opposite sign). Before embarking on 
computations, one must consider two fundamental problems. 
First, the present model for kink behavior is 
unrealistic in one respect; kinks are allowed to approach 
arbitrarily close to one another. This is, of course, 
not possible when one considers the crystal as a lattice 
of atoms: two kinks cannot be separated by distances of 
less than one lattice distance. This is of no importance 
2~ 
in the treatment of parallel kinks because such configurations 
correspond to very high energy states and thus would 
contribute significantly to the partition functions only at 
very high kink densities, where the whole analysis would 
probably break down anyway, quite apart from the physical 
fact that in a crystal with a finite Peierls stress there 
is a bound to the kink density that will be tolerated 
without a complete rearrangement of the dislocation line. 
However, in the case of antiparallel kinks the closely 
spaced configurations are, at reasonable densities, 
favorable energetically, and incorrect treatment of them 
will invalidate the whole analysis. It is therefore 
necessary to select a cutoff "recombination distance", 
which is the shortest distance by Which two kinks can 
be separated and still retain their identities. It is 
intuitively apparent that this will be of the order of 
one atomic spacing, but it is not clear how one can 
evaluate it more closely. In this work, it will be taken 
equal to one atomic spacing; if a more accurate value 
becomes available, it can be incorporated into the analysis 
quite easily, as this parameter will be retained as an 
arbitrary constant in all equations down to the point at 
which numerical computations are necessary. 
The second problem has to do with the type of 
problem treated. In the experimental work requiring 
theoretical analysis of parallel kink behavior, one 
generally is given a kink density and is interested in 
its theoretical properties(6 ,33,78 ); on the other hand, 
in studying problems where antiparallel kink pairs are 
important(l5,16,17,29,32,62,64,75,76,77) the real 
question a theory should answer is this: given a 
dislocation segment under fixed external conditions, 
what is the most probable number of kink pairs upon it? 
This question cannot be answered by just constructing 
functions analogous to those in reference (38), and the 
natural approach to the problem is the use of constant-
pressure grand canonical partition functions(72 ). However, 
21 
it appears that the best way to deal with this problem 
is by an approximate technique based on physical intuition 
and the reasonable assumption that kink pairs interact 
relatively weakly. This is contained in Chapter 5. 
Assuming a Coulombic potential, it is possible to 
construct constant-pressure canonical partition functions 
for systems containing arbitrary numbers of positive and 
negative kinks; this calculation is outlined in Appendix 
22 
C. However, this is difficult and not particularly relevant 
to either of the situations of physical interest as discussed 
previously; for, in the case of parallel kinks such 
partition functions are irrelevant, while in internal 
friction studies one generally assumes that equal numbers 
of kinks of each sign are nucleated and that they remain 
in closely spaced pairs. If one treats this situation, 
he arrives at a picture of typical kink configurations 
resembling Figure 2: the dislocation contains closely 
spaced kink pairs linked by a relatively strong interaction 
between the kinks in the pair but with only a weak inter-
action between different pairs. 
Consider now this situation; let the Laplace transform 
function corresponding to "strong" interaction be F1 (s) 
and that corresponding to "weak" interaction by F2 (s). 
Then one can write analogues of equations (3.8), (3.9) and 
(3.11) . 
_.§._ 
(3.21) IC.'T" e 
The properties of the functions F1 (s) and F2 (s) will 
be discussed in the chapter on the application of this 
analysis to specific problems. For the moment, attention 
will be centered on the question of physical importance: 
given the functions and equation (12), how can one 
determine the behavior of a dislocation containing kink 
pairs; and in particular, how can one determine the 
equilibrium density of kinks arising from thermal 
excitation? 
Considering the elegance and simplicity of grand 
canonical formulations, it is unfortunate that the grand 
canonical constant-pressure formalism mentioned in the 
23 
last chapter cannot be applied successfully to the present 
problem. However, the fact is that it cannot; and, in 
order to deal with the problem, it was necessary to make 
use of a nonrigorous treatment. This treatment is, however, 
physically reasonable and the weak spot in the argument 
lies in the identification of a parameter appearing only 
24 
as a multiplicative factor in the solution and which should, 
in any event, affect the solution only by a uniform scale 
factor of order unity. 
Suppose one regards the kink pairs as independent 
entities (which is a good approximation at reasonable 
temperatures and stresses because of the large energy 
of kink formation) and associates with them a typical 
length, say ten lattice distances. That is, the dislocation 
will be thought of as made up of segments of this length, 
each of which either contains one kink pair or no kink 
pairs (the neglect of the possibility that such a segment 
might contain more than one kink pair will be seen to be 
physically reasonable); it is assumed that the probability 
of a given typical length L
0
, containing a kink pair is 
small compared to unity. It must be pointed out that 
there is no way of saying that the correct value for the 
"typical length" is ten lattice distances rather than 
twenty, but it is intuitively reasonable that it should 
be on this general order of magnitude; certainly it will 
not, say, be as small as one lattice spacing. 
Under these assumptions , one can regard the 
distribution of kink pairs on their typical lengths as 
being governed by a Maxwell-Boltzmann distribution; hence, 
the number of kinks per unit length of dislocation line 
(3. 22) 
be given by(:L01 _ ~) _ ~ 
~-L-' e .. e 




is the typical length and u the average 
internal energy of a kink pair. The evaluation of the 
average internal energy of interaction of a kink pair, 
for a given pressure, is easily carried out and, 
adding to this the kink-pair formation energy, one 
arrives at the average internal energy U. While the 
kink pressure appears to be an arbitrary parameter, it 
really is not so, because of its definition as an 
d . . (40) H h k. k average energy erLvatLve . ence one gets t e Ln 
pressure and the average internal energy of kink pairs 
by a self-consistent process which is easily carried out 
with modern computational equipment. The inclusion of 
external stresses in this calculation is easily carried 
out, as will be seen in Chapter 5. The details of the 
computation, and its application to internal friction, 
are also included in Chapter 5. 
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CHAPTER 4 
SYSTEMS OF PARALLEL KINKS 
The properties of systems containing only parallel 







N= \cT 6 -+-p Vp 
Using function tables in Abramowitz and Stegun(l), 
these quantities have been evaluated for various kink 
pressures and densities in aluminum and silicon, and 
the results tabulated in Table 1 and Table 2. Screw 
kinks in pure edge dislocations, probably the most 
important type because of mobility consideration, have 
been assumed in these computations. 
To get an idea of the relative size of the 
interaction effects, one may calculate the self energy 
of a kink in the same approximation, using the 
expression(47) 
(4.1) 
where a is the lattice spacing, 
b the Burgers vector, ~ the shear modulus, and v the 
26 
Poisson's ratio. Assuming b = a and using elastic data 
from Southgate's paper(79) for silicon and from Lothe's 
paper(54 ) for aluminum, one estimates: 
For Al, E~ = 6.55xl0-l3 erg 
For Si, E~ = 45.0xl0-l 3 erg 
The exact numerical values do not mean much, either 
here or in Tables 1 and 2; both the estimates of self 
energy and interaction energy are probably in error by 
as much as 25 per cent because of the various approxi-
mations used. It is important to note, however, that 
most of the approximations used (see Appendix A) will 
affect the self energies and interaction energies in 
about the same way so that one would expect comparisons 
of self energy to interaction energy in a given system 
to be better than either of the estimates taken by itself. 
It is of great interest to note from these tables that 
there are physically reasonable systems in which the 
interaction energies are as large as the self energies. 
Moreover, since interactions between parallel kinks 
which are not nearest neighbors will be, whatever their 
magnitude, almost certainly repulsive, these estimates of 
interaction energies are probably low. This indicates 
that workers(3,lS,l9, 20,32 ) Who disregard interactions 
altogether are probably significantly wrong, at least 
as far as energy estimates enter their calculations. 
While this formalism has been developed to study 
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internal friction, it is of interest to note its 
application to the theory of work hardening and, in 
particular, to the so-called "forest dislocation" 
approach(6 ). Consider a "forest" of parallel 
dislocations threading a slip plane. Suppose that the 
average unimpeded length of a "forest dislocation" is 
D', and that the work hardening is taking place by 
formation of kinks in these forest dislocations as slip 
takes place in the slip plane(27); suppose further that 
the kinks produced by intersection are mobile within 
the limits of the segments of average length D', and 
are prevented from leaving these segments by some of 
the various possible types of restraints at the 
segment ends. 
Qualitatively, one could then predict the course 
of work hardening as follows: initially, the kinks 
produced would be more or less independent, and would 
spread out through the segments. In this region, 
interaction effects would be slight and one would 
expect that considerable strain could take place at a 
stress mainly determined by the energy required to 
produce a kink, without taking interactions into account: 
In (4.2), s is the width of the crystal, dl is the 
length through which the slip dislocation moves, N0 is 
2R 
CJ the density of forest dislocations, and 
0 
is the 
constant stress. After a certain time, the interaction 
energy would become significant, and instead of E~ one 
would have to use E~ + E1 , where E1 is the interaction 
energy per kink. This would then raise the required 
stress considerably; for, as the geometrical 
relationships entering into (4.2) would be about 
constant, one would have a stress given by: 
(4.3) 
Thus, at given temperature, one can see that this 
picture will correctly predict (qualitatively) the 
transition from the region in which deformation is 
approximately described by idea~ plasticity to that in 
which work hardening is important. Because the internal 
energy of interaction of kinks will increase more 
rapidly than linearly with kink density, as may be seen 
from the tables, the work hardening curve is concave upward 
until the kink pressure is sufficient to break down the 
obstacles to kink motion, at which point the curve will 
have an inflection point. Because of the sharp increase 
in kink pressure with temperature if other experimental 
conditions are the same, one would expect the stress 
at which the inflection takes place to decrease sharply 
with temperature, and also the amount of strain before 
this "forest breakdown" (in the work-hardening region) 
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to decrease sharply with temperature. All these 
predictions are confirmed by examination of the data 
of Berner(l4 ) on aluminum. Quantitative estimates 
cannot be made, because of the difficulty of estimating 
such parameters as D', but the qualitative agreement is 
important, as it seems to cover points that, in the 
original forest work hardening theory, had to be dealt 
with by separate ad hoc assumptions. If one writes 
(4.4) ~ = 
G""o 
Where Ecoll is now the non-
nearest neighbor contribution to kink interaction 
energies (which is neglected in the present treatment) 
one can ask of any treatment of work hardening: by how 
much can this ratio exceed unity? In the usual theory 
this is a very embarrassing question, because it is 
difficult to see how it can be more than 1.2 or so(27). 
In the present treatment it can easily be seen to be as 
large as 2 in some cases. This is still lower than some 
observed data, but is a step in the right direction and, 
what is important, it arises naturally from the forest-
dislocation treatment and not from any specially 
introduced hypothesis. 
The question of the line tension of a dislocation 
line containing kinks has attracted considerable 
attention. Brailsford (lB) has pointed out that, if kink 
interactions are neglected, certain types of dislocation 
line segments have zero line tension; Eshelby(33) has, 
on the other hand, remarked that, if one takes these 
interactions into account, all dislocation segments 
should have some line tension even when they contain 
"built-in" kinks. It seems to be of interest to use 
this formulation to study line tension in dislocations 
containing kinks. 
The simplest case, and that leading to the highest 
effective line tension, is that in which a previously 
straight dislocation line is "bowed out" by creating 
and moving kinks so as to give it an effective radius 
of curvature. This is illustrated in Figure 5 . 
To analyze the situation in Figure 5 one must 
first assume the separation L' to be much greater than 
the "kink lengths" L, and assume that interaction across 
L' contributes little to the energy of the situation. 
Referring to the figure, one sees that the total length 
of the kinked dislocation, neglecting the actual length 
of the kinks, is given by: 
(4.5) = 
Noting that the original length is just L' + 2L, 
the change in length is given by: 
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(4.6) 
Assuming that Nb(L)- 1 is small~ 
(4.7) AL= 
Recalling also that the energy required to create 
this situation is: 
(4.8) f:lt = 2 N ( c: +E.r) 
One can estimate the effective line tension as: 
(4.9) ~E ZL ( E~ -t EJ:) 
= -AL N b'L 
Values of this energy derivative for various 
physically interesting situations are included in Table 
C. Recalling that the flexible-string approximation(27) 
gives a line tension of about~ ~b2 ~ which is about 10-4 
erg cm- 1 in aluminum and 6xl0- 4 erg cm- 1 in silicon, one 
notes that in this case the kink-model line tension is 
quite large. It is also worth noting that the inter-
action contribution to the line tension is quite large 
in silicon but relatively small in aluminum. 
The other possible line-tension problem of interest 
is that of a dislocation line containing built-in kinks 
such as are illustrated in Figure l,which changes its 
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shape due to kink redistribution under an external stress. 
It is impossible to generalize in these cases, but one 
might say that, Where the basic effect of the applied 
stress is to redistribute already existing kinks, the 
effective line tension of the relevant dislocation lines 
in aluminum should be small. In silicon, however, as 
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can be seen from Tables B and C, there would be a considerable 
tendency of the kinks to resist redistribution and a 
correspondingly larger line tension. 
Figure 5 Dis location Bowing under applied stress. 
TABLE A 
KINK INTERACTION ENERGIES IN ALUMINUM 
FOR SCREW KINKS IN AN EDGE DISLOCATION 
The following physical parameters are assumed: 
~ = .28xl01 2 erg cm- 3 
v = .287 = Poisson's Ratio 
b = a = 2. 86xl0- ·:em 
a 2b211 1 2v A= ~- 1- = .445xl0-2 0 8 -v erg em 
P, dynes ~10 ,em Nearest neighbor EI ergs N .. , 
distances per kink 
10- 7 22.4 7-9 2.08xl0-14 
5xl0- 8 30.0 10.5 1.45xl0-14 
10- 8 77•4 27.0 6.34xl0-15 
5xl0- 9 121.9 42 . 6 4 . 4lxl0- 15 
10- 9 321 112 1. 83xl0- 15 
























L Nearest neighbor NxlO ,em 



























P, dynes L Nearest neighbor EI NxlO ,em N' ergs distances per kink 
lo-s 6.58 1. 5 6.40xl0-12 
5xl0- 6 9.35 2 . 5 4. 52xl0- 12 
10- 6 21.6 5.4 2 . 02x10-12 
5x10- 7 31 . 4 7 . 8 1.43x10- 12 
10- 7 78.0 19.5 6 . 42x10- 13 
10- 6 · 340 85 2.07x10-13 
At 1000°K 
P, dynes ~10 ,em Nearest neighbor EI ergs N' distances per kink 
lo-s 7 . 80 2 6.39x10- 12 
5x10- 6 11.82 3 4. 53xl0-12 
10- 6 33 . 6 8 . 4 1. 99xl0 - 12 
5xl0- 7 55-5 13 . 9 1. 39xl0- 12 
10- 7 205 50 6.16xl0- 13 
10- 6 1550 390 3.56xl0-13 
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TABLE C 
ENERGY DERI VATI VES I N KI NK CONFIGURATIONS 
Silicon at l00°K E = s 45xl0- J.
3 erg 
L N,cm 9-35xl0- 8 21. 6xl0- 8 78xl0- 8 
dE dL, ergs em- J. lO . Sxl 0 - 4 17.6xl 0- 4 so.lxl0- 4 
Silicon a t l000°K 
L N,cm 11.8xl0- 8 55.5xl0- 8 205xl0- 8 
dE dL,ergs em -J. 13.2xl0- 4 40 . 9xl0- 4 13lxl0- 4 
Aluminum at l00°K Es = 6.55xl 0 - J. 3 erg 
L N,cm 11.6xl0- 8 52.2xl0- 8 197xl 0- 8 
dE 
ar,ergs cm- 1 19.8xl0- 5 85.7xl 0-5 318xl 0- 5 
Al uminum at 300°K 
L N,cm l5. 0xl0- 8 53.2xl0- 8 113xl0- 8 
dE, ergs em- J. 25. 6xl0- 5 87.6xl0- 5 183.6xl0- 5 
dL 
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Figure 3 Work hardening of 99.99 percent Aluminum 

















Suppose a pair of unlike kinks is subjected to an 
applied stress cr. Then, if B = (kT)- 1b2 cr, one can derive 
the forces on the kinks from a potential: 
f, ( x) = - Ax -• - B 1..' x -x > ~ 
(5.1) 
Suppose also that the "weak interaction" mentioned 
in Chapter 3 actually corresponds to no interaction at 
4? 
all. Then one can treat the kinks as independent entities, 
and determine the various additive properties of the system 
(e.g., energy terms) by simply summing over the kink 
pairs present in the system of interest. 
Now if H. (x,y) are defined as in Appendix D, the 
~ 
transform function is given by: 
J
CD A I 
Trx (5 .2) F,(s):: e 
€ 
Referring to equation (3.10), one sees that: 
Using thermodynamic identities, one can derive an 
expression for the internal energy of interaction of one 
kink pair: 
(5.4) 
To proceed with the solution, consider the probability 
that a dislocation of unit length contains N kink pairs. 
This is: 
e 
(5 .5 ) p ~ 
Here, U
0 
is twice the self energy of a single kink 
and L is the typical length discussed in Chapter 3. 
0 
In this equation the sum should really not be taken from 
zero to infinity, but rather to some large number which 
is the total number of distinguishable kinks that can 
be contained on the dislocation line. But the exponential 
functions should be rather small because of U
0
, so the 
difference should be very slight. 
The question arises: how does the population of 
kinks affect the internal friction? It can only do so 
when kink pairs collapse, for the in-phase motion of the 
kinks in a conservative field will contribute nothing. 
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one sees that: 
X ( I+ X) 
Lo 
The convergence of all the series used here is 
guaranteed by the condition lxl<l; if this condition 
did not hold, the dislocation would not be stable in the 
crystal but would propagate to the surface by kink 
generation. 
The method used to evaluate internal friction 
contributions is as follows: by a self- consistent 
pressure calculation and equation (5.8), one can 
calculate the excess kink pair population for given 
stress over the zero-stress value. This, multiplied 
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by four times the self energy of a kink, gives the energy 
decrement by this mechanism per cycle from positive to 
negative stress and return. This calculation was done for 
aluminum and silicon. Decrements and populations for 
aluminum are contained in Table D, for silicon in Table E. 
It must be noted that this contribution to internal 
friction is independent of frequency at low frequency 
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and hence cannot be identified with the Bordoni peak. 
Thus, if one attributes the Bordoni peak to kink 
behavior, it must be ascribed to the response function 
for the kink distribution to internal stress, a 
nonequilibrium property which is outside the scope of this 
work. 
Table F gives transform functions for screw kinks 
in aluminum and silicon for various physically 
interesting values of the parameters; it is thought that 




In this work, it has appeared that, for systems 
of parallel, "built-in" kinks, elastic interactions are 
probably quite important and must be taken into 
consideration in calculation of such properties as line 
tension; and second, that in the treatment of pairs 
of antiparallel, "thermal" kinks, elastic interactions 
are almost wholly irrelevant except at temperatures so 
low that the thermal excitation of kink pairs can be 
wholly disregarded as far as observable effects are 
concerned. 
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The first conclusion is hardly surpr1s1ng; despite 
the conjectures of Ardell(3) , Brailsford(lB), and others, 
a picture of dislocation behavior based on complete neglect 
of kink interactions contains fundamental inadequacies 
as pointed out by Eshelby(33). The only surprise is 
that the effect is not greater, and it might well be 
greater, were one able to develop and use a more realistic 
potential (as was pointed out, this cannot be done because 
of the present lack of knowledge about the dislocation 
core) . 
That the interactions are of so little importance 
in the case of "thermal" kinks is a distinct surprise 
and suggest that, in spite of the ·crudeness of their 
assumptions, the work of Schiller and Seeger (76 ) is 
probably quite close to the truth; from this work, one 
can visualize as a logical and physically reasonable 
approximation the ad hoc assumption they were obliged 
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to make regarding interactions. Even if the potential 
function used here is seriously in error, this will still 
not change this result; as may be seen from Table D, 
it would take a change of several orders of magnitude 
to make a material difference to the interaction 
contribution . While the Kroupa-Brown potential is 
approximate, it is unreasonable to suppose that it is 
so much in error. Besides, one can see heuristically 
from the development that the errors made in developing 
the potential should have resulted in overestimating 
rather than underestimating the interactions . 
One can construct a heuristic argument to account 
for the insignificance of the interaction term in the 
treatment of kink pairs: imagine a pair of unlike kinks, 
more or less tied to each other, and undergoing a fairly 
small pressure from outside. Suppose one wished to 
raise the average interaction energy of this kink pair 
by changing the external parameters of the system; he 
could either increase the pressure to force them closer 
together, or lower the temperature to reduce the thermal 
excitation which keeps them apart. In either case , one 
can see that the changes in external parameters would 
be likely to make the kinks recombine, recovering their 
elastic self-energy. Thus, to produce an interaction 
energy large in comparison with the self energy, one 
would have to go to stress or temperature conditions 
where the equilibrium population of kinks would be 
very small. 
A discussion of the relevance of the values obtained 
for the logarithmic decrements (Table D columns 4,5,6) 
seems called for. It will be noted that to secure the 
actual logarithmic decrement from the numbers in these 
columns, one must multiply by the length in centimenters 
of suitable dislocation lines per cubic centimeter of 
material. Assuming a dislocation density of 108 cm-2 
(Which is reasonable for a deformed metal) and that 10-2 
of the dislocation length is of sutable orientation and 
type to participate in these processes (Which seems 
reasonable), one sees that friction from this source 
will probably be quite small in silicon, but it may be 
detectable in aluminum. 
It is interesting to compare the results obtained 
here with those secured by other investigators. Past 
work on the Bordoni peak(l5,lG,l7,2 9,59,75,76 ) has 
shown fairly conclusively that one of two processes is 
involved: either a change in equilibrium kink densities 
with applied stress (as discussed in Chapter 5) or a 
relaxantion-time phenomenon associated with kink 
movement. That is, the peak arises either as a static 
statistical-mechanical effect, or as a truly dynamic 
effect, having to do with rate of approach to equilibrium 
rather than with the equilibrium itself. It has been 
generally thought(75,7G) that this peak was due to a 
relaxation time phenomenon, and this is confirmed by the 
present calculation. 
The dependence of the logarithmic decrement upon 
strain amplitude is a matter of interest. Investigating 
the behavior of kinks in connection with internal 
friction, Suzuki and Elbaum (Bo) predicted a rather 
peculiar dependence upon strain amplitude, illustrated 
in Figure 6. This is totally different from that 
predicted in this work (Figure 7) . However, Suzuki and 
Elbaum assumed that one knew that at zero stress the kinks 
would lie on certain specified points, and would not 
mover very far from them on application of a stress. 
This is a wholly different approach from the present one, 
in which not only are the locations of the kinks treated 
as unknown variables but even the numbers present. The 
present work suggests that the assumptions made in the 
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Figure 7 This curve represents data on Aluminum for 100°K to 500°K 
· to about ± 5 °/o. 
CHAPTER 7 
CONCLUSIONS 
The problem of kink interactions has been rather 
thoroughly solved in the case of systems of parallel 
kinks, making no approximations except the use of the 
Coulombic nearest neighbor potential. In the case of 
kink pair behavior, an approximate solution has been 
obtained based on physically reasonable assumptions . 
In the former case, it is found that interactions 
are often physically important; in the latter, they are 
in general not so, at least as far as equilibrium properties 
are concerned. The results are discussed in the light 
of previous work and previous conjectures regarding inter-
action terms. It is found that, in general, this approach 
leads to improvements in the theoretical explanation 
of experimental data, and to confirmation of some of 
the more generally accepted conjectures on the subject 
of kiRk interactions. 
The basic purpose of this work was to demonstrate 
the possibility of including kink interactions within 
the framework of dislocation theory by the use of constant 
pressure ensembles. This has been accomplished and 
qualitative checks made on the work . Quantitative 
calculations must await a better knowledge of dislocation 
core effects. 
Appendix A 
THE CALCULATION OF KROUPA AND BROWN(47) 
Consider an infinite straight dislocation line lying 
along the Z-axis and having a Burger's vector b. Suppose 
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b is resolved into three components: bs in the Z-direction, 
be in the X-direction, and bp in the Y-direction. A kink 
pair will be produced in this dislocation by bringing up a 
long rectangular dislocation loop, .!: l ong by a high, where 
r > a, and affixing it to the line. 
The energetic analysis of the problem will be this: 
let the energy of the straight dislocation line be E1, 
that of the loop E2 • Let E12 be the extra energy needed to 
create the loop because of the presence of the straight 
dislocation, and to bring it up into its final position. 
The "kink energy" will now be Ek = E2 + E12 . Suppose that 
this can be resolved into two factors: Ek = 2E8 + EI(r), 
where EI (r) vanishes as r ---> 00. Then E can be s 
identified as a "kink creation energy" and EI as a "kink 
interaction energy". It is not obvious that this analysis 
can be made, but it will be shown that in fact it can. 
For the resolved Burgers vector one can write 
E8 = E~ + E: + E: and E1 = El + E~ + E~ 
of the loop can be calculated as (69): 
The self- energy 
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Here c is the "core radius" of the dislocation. 
The excess energy of the loop due to the field of the 
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Adding the contributions and performing the suggested 
decomposition, 
f/ M(b£) 1 4- [ Jv, 2A- 2.- '\) ] :: 
-
--









s ( )t C1t E r :; -A bs- (H·-v)-y:-
SrrC•·v) 
f \. o-l.. 
Er • -""-(1,,-} (t-"lv)-r 
g,., (1-"U) 
Here it has been assumed that a/r is less than unity; 
this does not present a serious problem, as it is hard to 
imagine a problem of physical interest where this would not 
hold. But it is also assumed that a/c is at least 4, and 
this is a serious objection; it means that, while the 
potential will be reasonable for crystals with strong 
directional bonding, where one would expect a very narrow, 
sharply defined dislocation, one cannot apply the potential 
to, say, copper, where one has reason to believe that the 
dislocations are big. Eshelby(23), however, feels that the 
potential is actually better than the derivation makes it 
appear and that its application to problems not falling 
under these restrictions ought to be considered. Seeger and 
Schiller(SB) claim to have developed this potential without 






GURSEY'S SOLUTION TO THE HARD-SPHERE GAS PROBLEM 
Consider N identical particles constrained to move 
along a line of length L. The classical canonical-ensemble 
partition function of the system is 
I { r .... ( e •T d f', ... Jp,v d~, ... hN «1 tP ~co ID _ J:!_ 
(B.l) l(T,L,N)= ~;;;d, ... )0 -3) ~-





where U' is a constant (energy 
zero adjustment) and U is a symmetric function of its 
arguments. Integrating over momentum and noting that 
we arrive at the following expression: 
(B. 3) 
The following assumptions will be made: 
1) lim E(x) = 0 
x->0 
2) The particles are held together by two 
particles located at x = 0, x = L. 
3) There is some finite cut-off in the 
potential (this condition can be relaxed but need not be for 
the present problem). 
4) Particles which are not nearest neighbors 
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Referring to Doetsch(30) one sees: 
~: f 
"' 
This expression can be inverted (again according to 
Doetsch) as: 
C .. il/0 




Now consider: C+•~ R.e (c) > Re. ( o.~'J pole Of ~( L)) r ~fL ~(L.) JL J 
Jc-•e> 
Carslaw and Jaeger(26 ) have shown that, if 
-k ie ]Q(L)j < cr , k > 0 when L = Re , - ~ ~ 9 ~ ~, then this 
integral is equal to: \ f SL ffl: ce(L) e JL 
where the contour contains all the 
poles of the function Q(L). 
This is all one needs to construct a partition function 
for the hard-shpere gas. If the hard sphere radius is cr , 
then the transform function is given by: 
Then it follows: 
(B. 7) 
This obviously has one pole of order N + 1 at s = 0. 
As is known, the residue is: 
sf L- c tv••)(f) 
r-H' e s -----------5 pJ '+I 
So the partition function is: 
[L-a-( f\J+t)) N 
N.l 
This agrees with solutions by other methods(84)~ 
Appendix C 
SOLUTION FOR ARBITRARY NUMBERS OF POSITIVE AND 
NEGATIVE KINKS 
In this appendix~ a Laplace-transform procedure is 
applied to obtain a fundamental thermodynamic equation of 
state for a mixture of two different kinds of objects 
(which will be identified as kinks of different signs) 
constrained to move on a line (identified as the dis-
location containing them)~ and interacting with a Laplace-
transformable interaction energy function (corresponding 
to the Kroupa-Brown potential); it is assumed that only 
nearest neighbors interact. 
Consider (N+2) impenetrable objects located on the 
X-axis and constrained to move in the X-direction only. 
These will be numbered serially in order of increasing 
X-coordinate: 0~1~2 ••. N,N+l. The zeroth object is con-
sidered to be fixed at X= o~ the (N+l)th at X= L; the 
coordinate of the ith object will be denoted by x .. The 
1 
objects are of two types: there is a fraction~ of objects 
of type 1 and a fraction (1-q) of objects of type 2; q is 
such that (N+2)q is an integer. It is assumed that the 
potential energy of interaction between objects numbered 
i and j is zero unless l i-j l = 1~ in which case it is 
kTfmn(lxi- xjl )~where atom i is of type m and atom j of 
type n. It is assumed that f (x) ~ f (x). 
mn nm 
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The total potential energy of the system is given by 
fl,lo+l 
(C.l) E" 1... T (__ f .. .,(xj-xJ_,) 
j:( 
Furthermore, if Dm is the internal partition function 
of an object of type m, and m is its (generalized) mass, 
m 
l 
and if L = h- 1 (2~ kT)~, the partition function of the 
m m 
system is given by: 
(c. 2) 
where q' = qN(N+2)- 1 and 
The sum over S denotes a sum over all possible 
orderings of the (N+2) objects on the X-axis. 
In each term of the sum over S, the position of each 
object, say that numbered j, is restricted by the require-
ment xj-l < xj < xj+l; for, if this were not so, the state 
in question would correspond to a different ordering of 
atoms, and hence a different term in the sum. Hence (C.3) 
can be rewritten 
61 
Furthermore, it can be seen that all states in S 
differing only by the interchange of identical atoms will 
make equal contributions, so the sum over S may be replaced 
by a sum overS', the distinguishable states of the system, 
with each term inS' counted [ q(N+2)J! [ (1-q)(N+2) J• times . 
Then (C.2) may be written 
P, 1'N( ~)(t~f) N '\ (L ~~tJ···lxl. . ;T 
(c . s) Q =(tr) L'• L ) e 
0 • 0 
s' 
Using the expression (C . l) for the energy of the 
system, this leads to: 
(c. 6) Q " (~~ (('J ( :~ f"J N I re-f·~ (L- ~ .. J;.fo.l"··•.,.,) 
s· o • 
~ Xt. -.f..,"' ( Xt -lr,) -(a..., ()C",) I d J ~ e e cf 1, . . ICN- 1 tV . . . 0 
where each pair of m and n 
depends, of course, on the term inS' under consideration 
(the parameterization is omitted for the sake of brevity 
and clarity in the expressions). 
Equation (C.6) is in the form of a sum over multiple 





where f*g denotes the convolution 
of the functions f and g. This can be shown to hold also 
for multiple convolutions. 
As noted in Chapter 2, it can be shown that 
G 
(e.g) -k"T e = 
Before applying this to Equation (C.6), it seems 
desirable to establish some notation. Let the total number 
of nearest-neighbor pairs in which both objects are of type 
1 be N11; likewise define N22 ; and let N12 be the number of 
nearest-neighbor bonds between unlike objects. It is easily 
seen that, if the total number of objects is large enough 
so that end effects can be ignored, 
(C.lO) q.N - 2. 
For convenience, let 
Taking the Laplace transform of (C.6) and using the 
notation just established, 
G 
--(C.ll) e ~T' 
~)f:I'N( D~.a )(1-f)N 
= \ L~ L, 
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(C.l5) _£ = _a'"' ( 0' :')- (t-~) h, ( D~ ~n)- Bt -t- ~ 11.,(1- ;i) 
N leT ~ L, L.:l. 
( _!-) + ~ '"' ( -tt. ) 1- (1-~)Jl-\ J- Z(l-~) :Z. (2i--t) (2(1-'(f)--t] 
Letting s = (kT)- 1 p, p being the (one-dimensional) 
pressure, one has for the volume: 
(C.l6) ..!::;_: _ _!_ d P,') _ (1-fi#) ;} Fra.) _ B ~;j - i ~:) N F;\ ~s T ,:-1.1. ~ s ,- • r 
+ ~) [t,t _.!'"'l(l~-t-J(l[t-~n-~>1] )' r l. 
Equations (C.l5) and (C.l6 ) constitute the final 
s olution to the problem for arbitrary kink populations. 
Considering the complexity of these equations, it is 
fortunate that the general problem treated in this appendix 
appears to be of little physical interest. 
APPENDIX D 
PROPERTIES OF TRANSFORM FUNCTIONS 
In this work~ the following types of integrals~ 
referred to as "Transfonn Functions"~ are used : 
(D .1) 
(D.2) r e" efT·-· d• 
f 
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Integrals of the form (D . l) are readily expressed as 
modified Bessel functions of the third kind(86 ) . However~ 
integrals of the form (D . 2) cannot~ apparently~ be expressed 
in terms of a finite number of tabulated functions. In 
this appendix the properties of these integrals will be 
developed. 
If one lets: 
(D.3) A S G :: X 
then it is possible to express (D . 2) as: 
(D. 4) 
Therefore~ rather than study the transfonn functions 
themselves~ the functions studied will be the Hk functions 
defined by: 
(D. 5) ~ <X> !.( _,:t ., H K ( 'IC, 'j) : t e e t J t I 
These functions cannot, apparently, be evaluated in 
closed form . However, certain important derivatives can 
be secured by use of the chain rule: 
(D. 6) 
(D. 7) 
These derivatives are just those needed to evaluate 
the thermodynamic properties of kink distributions . 
More interesting properties can be developed by 
regarding the Hk as functions of x only, with y as a fixed 
parameter. Integrating by parts, if k ~ - 1, 
Also by noting that : 
(D . 9) 
for k ~ -1 must satisfy: 




Unfortunately, this is not an especially tractable 
differential equation (especially considering the boundary 
conditions), though it is clearly Fuchsian about x = 0. 
Another approach to these functions was suggested by 
Y. L. Luke(5S)o Letting: 
(D. 11) K = -(1-+""') 
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one arrives at the representation: 
Now suppose one considers the behavior of functions 
Obviously, if a= -oo , B(z) = ~Kn(z), where Kn is 
again the modified Bessel function of the third kind. 
The B functions satisfy a differential equation: 
'l J g ) -o:t. "V -zC:.OJL.GL 
z. ~ --+ 2-- - (21.,.. "~ B = e e (D.14) £ dz"" cl2 
A solution of this may be got by the method of 
variation of parameters, in the form: 
Then the problem can be solved if one can conveniently 
evaluate such integrals as: 
Unfortunately, these again are somewhat intractable . 
It appears from these efforts that, even if one could 
get integrals of the form (D.2) in closed form, they would 
probably be rather intricate and not especially well 
suited to numerical manipulations . 
Accordingly, a straightforward numerical approach 
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was used and no effort was made to simplify or solve the 
problem directly. The numerical treatment will be discussed 
in Appendix E, and the results tabulated in Table F . 
APPENDIX E 
NUMERICAL EVALUATION OF TRANSFORM FUNCTIONS 
The method used to obtain transform functions Hk(x,y) 
is that of Gauss-Laguerre quadrature, as described by 
Hildebrand(39). The zeroes and weighting factors used 
were those of Lowan(56 ). 
The quadrature used was a fifteen-point one; the 
reason for this choice was the nonavailability of accurate 
tabulations of zeroes and weighting factors for still 
higher order quadrature. The results were checked by 
reworking the calculations using fourteen point quadrature 
and the results were found to agree quite well, in most 
cases to six decimal places. Gauss-Laguerre quadrature 
was chosen because this type of quadrature gives higher 
accuracy in the evaluation of integrals having the form 
of Laplace transforms than do other methods involving the 
same amount of computational effort (this is discussed 
in detail in Hildebrand's book). 
The results of this computation are contained in 
Tables F-1 through F-6. Should values of Hk(x,y) be desired 
for other values of k, they may be generated by the 
recursion relation developed in Appendix D. 
Appendix F 
EXACT ISING SOLUTION OF A ONE-DIMENSIONAL LATTICE 
Consider a one-dimensional crystal containing two 
kinds of atoms, type 1 and type 2. Let the energy of 
interaction of a pair of atoms be identically zero unless 
they are nearest neighbors. Let a nearest -neighbor pair 
of atoms, both of type i, have interaction energy E .. , 
~~ 
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and let a mixed pair have the interaction energy E12 o 
If the lattice has N11 pairs of type 1 atoms nearest 
neighbor to one another, N22 pairs of type 2 atoms, and 
N12 mixed pairs, the total interaction energy of the system 
can be written: 
Since 2N11 + N12 = 2N1 and 2N22 + N12 = 2N2 , where Ni 
is the number of atoms of type i, the energy can be written: 
The Canonical ensemble partition function Q is given by: 
E 
5"" e--r-r Q = L-
This can be rewritten as a sum over N12 , letting g(N12 ) 
be the number of configurations of the system corresponding 
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to a given N12 , since all these will make equal contributions 
to the sum: 
(F .1) Q= e 
T 
- rv,2. "iT 
It is now desired to evaluate g(N12 ). Suppose first of 
all that N is so large that one need not worry about the 
evenness or oddness of it. Consider the possible arrange-
ments of the atoms beginning with a type 1. If the arrange-
ment is thought of as a series of bunches of atoms of the 
1 same type, separated by unlike-neighbor bonds, 2 (N12 + 1) 
1 of these will contain atoms of type 1. If K = 2 (N12 + 1), 
the number of ways of arranging the type 1 atoms in these 
groupings is ( rv,-1)! 
The number of ways of arranging the type 2 atoms in the 
other groupings is 
( Nz. -K)l ( K-1)! 
Accordingly, using the binomial notation, one can write: 
(F. 2) =- 2 ( (V
1
- I ) ( N2. -I) 
K-1 \{-\ 
Where the factor 2 enters because of the possibility of 
starting the chain with either a type 1 or a type 2 atom. 
Accordingly, 
(F o3) Q-= 2 e ( ) 
N,z T ~ ( tv,-•) N~. _, e ~ 
L "-' K-1 
fVu. 
As N becomes large, the partition function should become 
asymptotically equal to its largest term. (40) If N12 is 
regarded as a continuous variable, the derivative of the 
largest term with respect to it should equal zero; 
alternatively, since the largest term will clearly be non-
vanishing, the derivative of the logarithm of the largest 
term should vanish. 
(F . 4) 
Thus, for the value of N12 giving the largest term, 
T ~ ( "''-I ) 
--.;:_;: - ~l.. \.< - \ - ~ ( JV~ -I) :: Q ~1- K-1 




[!V,- k. , J Nz.- K , 
K-J 
Neglecting unity in comparison to the large numbers, 
one gets for the number of different types of bonds corre-
sponding to the largest term, 
(F. 5) 
Here the asterisk denotes properties of the maximum-
term state. 
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It is now possible to write an asymptotic form for the 
partition function for a large system: 
(F o 6) GL -= e 
Where 
This leads to: 
Ni2 can be written : 
B: 
where 







RESID..TS FOR ALUMINUM 
The data are in six columns : the first column 
contains the temperature in degrees Kelvin; the second, 
the equilibrium kink-pair population (per centimeter) 
calculated with complete neglect of interaction effects; 
the third, the equilibrium kink-pair population calculated 
using the Kroupa-Brown potential; and the last three, 
respectively, the logarithmic decrements per centimeter 
of dislocation in a cubic centimeter of material, for 
resolved shear stress amplitudes of l0- 6~, l0- 8~, and 
10~ 10~ . The decrements are negative because they 
correspond to loss of energy. 
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1.00000E+02 6.08636E-15 6.08638E-15-3.32480E-24-3.29513E-26-3.37285E-28 
1.10000E+02 4.69423E-13 4.69424E-13-1.89230E-22-1.90925 E-24-1.94561E-26 
1.20000E+02 1.75483E-ll 1.75484E-ll-5 . 49425E-21-5.49660E-23-5.58319E-25 
1~30000E+02 3.75803E-10 3.75803E-10-9.27381E-20-9.26004E-22-9.37948E-24 
1.40000E+02 5.19492E-09 5.19494E-09-l.Ol587E-18-l.02475E-20-1.03597E-22 
1.50000E+02 5.05960E-08 5.05961E-08-7.91172E-18-8.11391E-20 -8.18992E-22 
).60000E+02 3. 70754E-07 3. 70755E-O 7-5 .06256E-1 7-4 .<iOOOSE-19-4. 9 3838E-;(i . 
~.70000E+02 2.14929E-06 2 . 14929E-06-2.38238E-16-2.36742E-18-2.38414E-20 
· 1.80000E+02 l.02495E-05 1.02495E-05-8.89545E-16-9.50767E-18-9.56920E-20 
1.90000E+02 4.14666E-05 4.14667E-05-3.27176E-15-3.27027E-17-3.28925E-19 
2.00000E+02 1.45880E-04 1.45880E-04-9.88965E-15-9.86610E-17-9.91489E-19 
~.10000E+02 4.55265E-04 4.55266E-04-2.69106E-14-2.66056E-16-2.67147E-18 
1. 20000E +0 2 1. 28114E-O 3 1. 28115 E-O 3-6.42185 E-14-6 ~- 5074 7E-16-6-.-5 35 39E-.;: 18 
2.30000E+02 3.29504E-03 3.29505E-03-1.47423E-13-1.46645E-15-1.47042E-17 
2.40000E+02 7.83313E-03 7.83314E-03-3.06108E-13-3.06814E-15-3.07550E-17 
2.50000E+02 1.73749E-02 1.73749E-02-6.02798E-13-6.02421E-15-6.03370E-17 
2.60000E+02 3.62490E-02 3.62491E-02-1.05054E-12-1.11611E-14-1.11876E-16 
2.70000E+02 7.16165E-02 7.16166E-02-2.02328E-12-1.97130E-14-1.97327E-16 
2. 80000E+02 1. 34774E -01 1. 34 774E-O 1-3.02744E- 12-3 ;323-46E-14-3. 328.9 iE·- f6-
2.90000E+02 2.42808E-Ol 2.42808E-Ol-5.52131E-12-5.39465E-14-5.39712E-16 
3.00000E+02 4.20605E-Ol 4.20606E-01-7.84893E-12-8.42347E-14-8.44369E-16 
3.10000E+02 7.03223E-Ol 7.03224E-Ol-1.27608E-11-1.27760E-13-1.27926E-15 
3.20000E+02 l.l3857E+OO 1.13857E+00-2.06034E-ll-1.88080E-13-1.88280E-15 
3.30000E+02 1.79037E+OO 1.79037E+00-2.56874E-ll-2.70003E-13-2.69926E-15 
3.40000E+02 2.74135E+OO 2.74135E+00-3.87829E-11-3.77302E-13-3.77854E-15 
3.50000E+02 4.09649E+OO 4.09649E+00-5.65123E-11- 5.17222E-13-5.17574E-15 
3.60000E+02 5.98644E+OO 5.98644E+00-7.84893E- 1l-6.93845E-13-6.94988E-15 
3.70000E+02 8.57075E+OO 8.57076E+00-8.65503E-11-9.16161E-13-9.16431E-15 
3-80000E+02 1 . 20411E+01 1.20411E+01-1.23930E-10-1.18973E-12-1.18841E-14 
3.90000E+02 1.66242E+01 1.66242E+Ol-1.44903E-10-1.51665E-12-1.51764E-14 
-4 .oooooe +o 2 2. 2584 7E +o 1 2. 258 4 7E+O 1-2. 11921 E;_ !"o-1. 9o-72 9E -12-1;9 ioa4·e=- i4 
4.10000E+02 3.02270E+01 3.02270E+01-2.06752E-10-2.37305E-12-2.37473E-14 
,~.20000E+02 3.98978E+01 3.98978E+01-2.69106E-10-2.90859E-12-2.91574E-14 
~.30000E+02 5.19870E+01 5.19871E+Ol-4.59983E-10-3.54187E-12-3.54016E-14 
4.40000E+02 6.69293E+Ol 6.69294E+01-4.28123E-10-4.25554E-12-4.25383E-14 
~.50000E+02 8.52043E+01 8.52043E+01-5.44192E-10-5.06517E-12-5.06191E-14 
~.60000E+02 l.07336E+02 l.07336E+02-6.14264E-l0-5.978~j~-12-5.96982E-14 
4.70000E+02 1.33895E+02 1.33895E+02-6.0ll94E-10-6.97385E-12-6.98127E-14 
.4.80000E+02 1.65494E+02 1.65495E+02-5.88669E-l0-8.08440E-12-8.10029E-14 
4.90000E+02 2.02790E+02 2.02790E+02-7.68875E-10-9.30338E-12-9.33029E-14 
5.00000E+02 2.46478E+02 2.46478E+02-1.50699E-09-l.06808E-ll-1.06734E-13 
5.10000E+02 2.97295E+02 2.97295E+02-1.10808E-09-1.21335E-11-1.21313E-13 
5.20000E+02 3.56012E+02 3.56012E+02-1.26790E-09-1.37295E-ll-1.37047E-13 
5.30000E+02 4.23437E+02 4.23437E+02-1.42169E-09-1.54253E-11-1.53946E-13 
~.40000E+02 5.00407E+02 5.00407E+02-1.74420E-09-1.71804E-ll-1.71996E-13 
5.50000E+02 5.87787E+02 5.87787E+02-2.05499E-09-l.91285E-ll-1.91210E-13 





6.1 OOOOE+O 2 
6.20000E+0 2 














































2. 2 38 20 E +0 3 











7.0408 3E +03 
7 .62409E +0 3 
8.23905E+03 
8.88637E+03 





1. 348 23E +04 
1.43717E+04 
1.52976E+04 






2 . 28269E +04 
2.40552E+04 





7.97362 E+02-1. 32 192E-09-2 . 31997E -ll-2.33012E-13 
9.21400E+02-2.92305E-09-2. 55766E-ll- 2.55578E-13 
l.05952E+03-3.19278E-09-2.79368E-ll-2.79193E-13 
1.21270E+03-3.13957E-09-3.04538E -ll-3.03847E-13 











4.16670 E+0 3- 5 . 30632E-09-6 . 30 125E-ll-6.30019E-13 
4.57510E+03-5.23262E-09-6.64542E-ll-6.63313E-13 
5.0 1069E+03-6.45117 E- 09-6.98017E-ll-6.96985E-13 
5.47427E+03-7.63679E-09-7.31859E-ll-7.31045E-13 
5. 9 6665 E+O 3-7. 534 97E-09-7. 64 799E-ll-7. 65 35 iE- 13 ... 
6.48859E+03-8.67513E-09-7.96873E-11-7.99872E-13 









1.34823E+04-l.0951 9E-08-1.14995E -10-1.14700E-12 
1.43717E+04-1.0 8261E-08-1.1 8004E-10-1.18091E-12 
1.52976E+04-2.14061E-08-1. 23085E-10-1.21469E-12 
1.62603E+04-2.11656E- 08-1. 25935E-10-1.24813E-12 
1.72602E+04-l.04652E-08-1.27675E-10-1.28115E-12 
1.82976E+04-2.07004E-08-1.32483E-10-1.31396E-12 
1.93727E+04-2 .04754E-08-1.35138E -10-1.34616E-12 




2.53222E+04-2.91300 E- 08-1 .50505E-10-1.50107E-12 
2.66281E+04-2.88328E-08-1.53775E-10-1.53073E-12 
2. 7 9729 E+04-2. 85415 E-08-1. 5697 SE-10-1. 559.79E-- i. 2 ·· 
2.93566E+04-2.82561E-08-l.58234E-l0-1.58827E-12 
TABLE E 
RESULTS FOR SILICON 
The data are in six columns: the first column 
contains the temperature in degrees Kelvin; the second, 
the equilibrium kink-pair population (per centimeter) 
calculated with complete neglect of kink interactions; 
the third, the equilibrium kink -pair population calculated 
using the Kroupa - Brown potential; and the last three, 
respectively, logarithmic decrements per centimeter of 
dislocation in a cubic centimeter of material, for resolved 
shear stress amplitudes of 10-~ , 10-~, and 10- 10~ . 
The decrements are negative because they correspond to 
loss of energy. 
7R 
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6 . 60000E+02 8 . 83944E -16 8 . 83948E-1 6-1 . 99918E- 25- 2 . 03534E - 27 - 2 . 08490E - 29 
6 . 70000E +0 2 1. 8 47 5 5 E -1 5 1 . 84 756E-15-4. 0 771_6E-:?~-_4_!_066} 9E -2 7-4.1621 7E-29 
6 . 80000E +02 3 .77878E -1 5 3 .7 7879E-1 5- 8 . 03441E-25-7.95671E- 27 - 8 .1 3658E- 29 
6 . 90000E +02 7.57006E-15 7 . 57009E-1 5-1. 52757E-24- 1.52562E-26-1.55902E- 28 
7. OOOOOE +0 2 1.4 86 70E-14 1. 48 6 7.1 E-14- 2 . 8715 9E- 24- 2 . 86 93 8_E -:2_6_~~· 9 304_f_E-28_ 
7.10000E+02 2.86480E-14 2 . 86481E- 14-5 . 29933E- 24- 5 . 29897E - 26 - 5 .40793E-28 
7 . 20000E+02 5.42064E-1 4 5.42067E-14- 9 . 52086E- 24- 9 . 61356E-26-9 . 80590E- 28 
7. 30000E +0 2 1. 00790E -1 3 1. Q0790 E-13-1 . 69~ 5.1_E;-2 .~-:-.l._J.l4~9E - 2 5- l . 74831 E-27 
7 .40000E +02 1.84292E-13 1.84293E-1 3- 3 . Q2980E - 23- 3 . 01065E-25-3.06711E-27 
7 . 50000E +02 3 . 31594E-13 3 . 31595E-1 3-5.11 978E - 23-5 . 20225E - 25-5 . 29781E - 27 
7 . 60000E +02 5 . 87479E-1 3 5 . 8 7482E-1 3- 8 . 98585E- 23- 8 . 85903E:2~-~556E-27 
7 . 70000E +02 1.02547E -1 2 l. 02548E-1 2- 1. 47261E- 22-1.48667E-24-1.51 24 1E-26 
7. 80000E +02 1.76464E-1 2 1.76465E-12- 2 . 44491E-22- 2 . 46143E - 24-2.50251E-26 
7 • 9 OOOOE +.0 2 2_~ _995 J9E -1.2. 2., 99 ~-l 71;-:.12:-4, Ql.2.~E_-:2.2-4 . 02 05 6E - 24-4 . 0 8634 E-26 
8 . 00000E+02 5 . 0 1695E- 12 5 . 0 169 7E-12-6 . 47490E- 22- 6 . 48714E - 24- 6 .5 8821E - 26 
8 .1 0000E+02 8 . 29712E -1 2 8 . 29 71 6E- 12-1 . 03083E - 21-l. 03347E - 23-l .04925E-25 
8 . 20000 E +0 2 1. 35545 E- ll 1. 3 5546E-ll-l. 63424E- 2_1-1 . f>2 732 E-.2.3_-:..L..6.5_l!t6J::-25. 
8 . 30000E +02 2 .18830E -11 2.18831E-1 1-2 . 51497E-21-2 . 5329RE-23-2 . 56992E-25 
8 . 40000E+02 3.4 9283E-ll 3.49284E-l l - 3 . 95765E- 21 - 3 . 90150E - 23- 3 . 95564E- 25 
8 . 50000E +O 2 5 .• !?._140 ~E -11 5 . 5140 5 E- 1 1-5 .• 85_l_'t 7E-21-2...2!!~.03 E-23-6. 02455 E- 25 
8 . 60000E+02 8 . 61290E-l l 8 .61 293E- ll - 9 . 01976E- 21-8 . 96342E- 23- 9 .08258E- 25 
8 .70000E +02 1.33160E-1 0 1.33161E-10-1. 36259E- 20-1.33889E - 22-1 . 35588E-24 
8 . 80000E +0 2 2 . 0 3846E- 10 2. 0 384 7E - l0 - 1. 962 09 E- 20-1 . 97936 E- 22 - 2_._QQ!t.9.8E-24 
8 . 90000E +02 3 . 09082E-10 3 . 09083E- 10- 2 . 95350E- 20- 2 . 90224E - 22-2.93777E-24 
9 . 00000E +02 4.64332E-10 4.64333E-10-4.1 233 1 E- 20- 4 . 21609E-22 - 4 . 2665 7 E- 24 
9 .1 QQOOE +0 2 Q. •. 9_l_l5_0.f.::-J Q_ _(u_9.1323.E-l.0-6 .... Q.6JL3_7E-2.0- 6 . 073 11 E- 22-6 .1435 6E - 24 
9 . 20000E +02 1.02049E - 09 l.02049E-09-8.68362E-20-8.675 21E-22-8.77334E-24 
9 . 30000E +02 1.49377E - 09 1.49377E-09-1.21926E-19-1. 22895E - 21-1 .242 87E - 23 
9 . 40000E+02 2.16889E-09 2 .1 6889E-09-l . 72718E-1 9-l. 72855E-2~~ .74714f:-23 
9 . 50000E+02 3.1 2451E - 09 3.1 2452E - 09-2 . 36005E- 19-2 . 41214E - 21- 2 . 43764E - 23 
9 . 60000E+02 4 . 46707E- 09 4 .46 709E- 09 - 3 . 248 18E-1 9- 3 . 34214E- 21 - 3 . 3 7643E- 23 
9. 70000~+0 2 Q. 33962E - 09 6 . 339.64E-09-:-_4_. 5.6.2_6_5__E_-..1..9~li835E-2l-4 . 64396E - 23 
9 . 80000E+02 8 . 93307E-09 8 . 933 10E- 09-6 . 36379E- 19-6 . 28148E -21-6.34394E-23 
9 . 90000E+02 1.25005E-08 1.25006E-08- 8 . 85056E-1 9- 8 . 53037E-2 1-8 . 60917E - 23 
l. OOOOOE +03 1.73756E-08 1.73 75 6E- 08-1.1 8545E-1 8-l.l 5040E-20-1.16085E-22 
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TABLE F-1 
TRANSFORM FUNCTIONS FOR ALUMINUM AT 50°K. 
The tabulated values are as follows: 
5 
The parameter e is taken equal to one nearest neighbor 
spacing. The parameter ~ is that appropriate to this 
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TRANSFORM FUNCTIONS FOR ALUMINUM AT l00°K. 
The tabulated values are as follows: 
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The parameter e is taken equal to one nearest neighbor 
spacing. The parameter ~ is that appropriate to this 
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0 . ~ 7£ 0.Q Q.Q.l +0 2 __ __ _ Q_. _ _l_~~Q.]~~t-_Zj. ____ 9.• 1690 55 3 E- 21 O.l 7 15464E-21 
0 . 8580000E+02 0. 44 69128E- 34 0 .4514905 E- 34 0 . 456 1623E - 34 
O. ll44000E+03 O. l3l l 806E - 46 O. l3221 90E - 46 O.l332739E-46 
O.l430000E+03 0 .4059 182E-5 9 o .~Q 85:27Li:-2 9 Q . ~ lll 8~8E-~ 9 
O.l716000E +03 O.l300417E-7l O.l307498E- 71 0 .1314657E-71 
0.2002000E +0 3 0.4269779E-84 0. 42 89893 E- 84 0 . 43 10197E-84 
C Cz;:<ZZ612_8 ZZHTQp f''t B .HCNEI L 08/J~( Q_5 FORf''iD 
'? . (a 
__ _ 0_100 005 000 0• 
0 . 2288000E+03 O. OOOOOOO E- 00 O. OOOO OOOE- 00 O. OOOOOOOE - 00 
_ .o ... . 2.5.li.Q.QQE±J).3__ o • a o .. QO.U.O.ll.E::..ClO.. .. _ _...o._.. ........ a....... o....... o_,.o.JJ.o.l.Lo.l.Lo.._E _- .l.l..o .l.l..o _ __ _,o""-' • ....,.o.L.>o.._..o ..... o ..... o ..... ou..o ...... E_-......,o......, _ 
0 . 2860000E+03 O. OOOOOOOE- 00 O. OOOO OO OE-00 O. OOOOOOOE - 00 
0 . 5720000E+03 O. OOOOOOOE-0 0 O. OOOOOOO E- 00 O. OOOOOOOE - 00 
_,.Q_._8_5_8..QQ.QQE±.Q_3_ _ __Q _ _._QQ_Q_Q_Q.Q_Q_E.:-00 . _______ Q. OQQOO.OOE.::-.. 0.0. ___ _~Q.L..J•uO.u.OL.\.QL.\.Qu..Ou..O~OCJ...E...=.-..lo.lO.l.I..O _ _ 
O. ll44000E+04 O.OOOOOOOE - 00 O. OOOOOOOE-00 O. OOOOOOOE - 00 
O. l430000E+04 O. OOOOOOO E- 00 O. OOOOOOO E- 00 O. OOOOOOOE - 00 
0 • l 7 16 Q Q Q E ±.O_L_ Q • Q Q Q Q Q Q Q E =ili.L_ . 0 • 0 0 0 0 O.Oj.J_O .._E _-,._0 ,_,_0 ___ _,o""-' • ....,.O.L.>O.LJ.O.._..OLJ.O ..... o...._o...._E_-....... o_....o __ 
0 . 2002000E+04 O. OOOOOOO E-00 O. OOOOOOOE - 00 O. OOOOOOOE - 00 
0 . 2288000E+04 O.OOOOOOOE - 00 O. OOOOOOOE - 00 O.OOOOOOOE - 00 
_ .. _ ... 0-'-.25 7400 0 E +0 4_ ______ _o .• 00 00000 E:-00 .. __ Q. _ _Q_()_Q_Q_O..Q...O_E::· 00 0 . OOOOQOQ E - QO 
0 . 2860000E+04 O. OOOOOOOE-00 O.OOOOOOO E- 00 O.OOOOOOOE - 00 
0 . 5720000E+04 O. OOOOOOOE- 00 O.OOOOOOOE - 00 O. OOOOOOOE - 00 
__ _o_. a 5 8 o o o o E +Q 4 _JL_Q..QJl.Q.O..O a E - a o _ -JoO.u·w.O ...... a ...... aL..loo~o'""'a'""'a'-'-E-.....,o......,o __ -->.Lo ...... '"'-a ""-o a""-o'"""o'"""o'"""o"'-~E---loo....,oL---_ 
O. ll44000E+05 O. OOOOOOOE- 00 O. OOOOOOO E- 00 O. OOOOOOOE - 00 
O. l430000E+05 O. OOOOOOOE - 00 O. OOOOOOOE - 00 O. OOOOOOOE - 00 
Q_ • _ _1] 1..9 0. 0 0 E + 0 5 0 &QQQQ_Q..CLE.:: ... O. Q ___ ___Q_._Q_Q_OJ)_Q..Q_Q,,J,E~--"0""'0 _ _ ~0..._ • .loLO.loLO O'-LO"'-Q""-O""-'QI.L.JE._-_,Q"'-'Q"'---
0 . 2002000E+05 O.OOOOOOOE - 00 O. OOOOOOOE-00 O. OOOOOOOE - 00 
0 . 2288000E+05 O. OOOOOOOE- 00 O. OOOOOOO E- 00 O. OOOOOOOE - 00 
.. ___ .. 0. ... 2 5 7 4 0 0 O..E + 0 5 0 • 0 0 0 0 0 0 0 .E:...D...O..._ .... _ .u.O ...._ u.O u.O u.O OwO...uO...uO...uE....:-=..~O..~...~O.J_  _..J..Oueo....~..OLJ...OLJ...OwOwOwOu...~O~F..;::-.u.O.u.O_ 
0 . 2860000E+05 O. OOOOOOO E- 00 O. OOOOOOOE - 00 O. OOOOOOOE - 00 
0 . 5720000E+05 O. OOOOOOO E- 00 O. OOOO OOOE - 00 O. OOOOOOOE - 00 
0 . 8580000E+05 o . oooooo o E- OQ _ o . oo~oo~E =~-----~o~-~o..~...~o..~...~o..~...~o..~...~o..~...~o~o~E~- owo~ 
O. ll44000E+06 O. OOOOOOOE - 00 O.OOOOOOOE- 00 O. OOOOOOOE - 00 
O. l430000E+06 O.OOOOOOOE - 0 0 O. OOOOOOOE-00 O. OOOOOOOE - 00 
..... ... Jl...ll.l6..DOJlE.±.0.6___Q_. 0000000 E-0 0 0 • 00000 OOE - 00 0 • OOOOOOOE - 00 
0 . 2002000E+06 O. OOOOOOOE - 00 O. OOOOOOOE - 00 O. OOOOOOOE - 00 
0 . 2288000E+06 O. OOOOOOOE - 00 O.OOOOOOOE- 00 O. OOOOOOOE - 00 
.0 ... .2 5..7 4.0.0 .. QE ±.Q6 _____ Q •. OJ1.0.0 .0..QO_E=.Q_o_ ---·~o.L..A•L.\o.L.I.o ...... o~o._.._ou.Jo ....... oCJ..F_- J.Jocuo _ _ ........l..l.o ..... J..Lo J..Lo o ...... o~.~...o"""'ot.Lio..L.JE_-_,o...uo_,__ 
0 . 2860000E+06 O. OOOOOOOE - 00 O. OOOOOOOE - 00 O.OOOOOOOE - 00 
0 . 5720000E+06 O. OOOOOOOE- 00 O. OOOOOOOE-00 O. OOOOOOOE-00 
.._ __ _Q._a.5.aQ Q 0 0 E + 0 6 .0 • Q Q Q Q Q Q 0 E - 0 {)-L, _ _ _J.OJ....jeuO.LI.O.LI.QL..I.Ow..Ow..Ow..Ou...E..=-~Ou...~O~ _ __I..LO..a.. • .u.O u.O u.O o~.~..o~.~..OI.LlOUJE....:-;:.JO..uO.~..-.. 
O.ll44000E+07 O. OOOOOOOE - 00 O. OOOOOOOE- 00 O.OOOOOOOE - 00 
O. l430000E+07 O.OOOOOOOE - 00 O.OOOOOOOE - 00 O. OOOOOOOE - 00 
0. 1.7160_0_Q_E +_Q7_ .0 •. O ..O.OOQO.O.C" QQ __ .. ___ Q_. _OO.illl.O_Q_Qf- 0_0 0 . OOOOQOO E- OQ 
0.2002000E+07 O. OOOOOOOE - 0 0 O. OOOOOOO E- 00 O. OOOOOOOE - 00 
0 . 22 88 000E+07 O. OOOOOOOE- 00 O. OOOOOOOE - 00 O. OOOOOOOE - 00 ; 
Q. ~ .. 2.2] 4 0 0 0 E + 0 7 0 ~ 0 0 0 0 0 0 0 E- 0 0 _ Ol.!..L: o~o~o~O.wO.-....:.O.w.O.w.E---loO.w.O'--_........lOO:-a•..JJ.O..JJ.O..JJ.O ..... o..... o..... o..... o.._E --~0 .w...O 
0 . 2860000E+07 O. OOOOOOOE-0 0 O. OOOOOOOE - 00 O. OOOOOOOE - 00 
0 . 5720000E+07 O.OOOOOOOE - 00 O. OOOOOOO E- 00 O. OOOOOOOE - 00 
0. 858QOO Q_E +O] ______ .Q_~_OOOOOOQ_E-00 ----· O. OOOOOOO E-O.Q____ 0 . OOOOOOOE - 00 
O.ll44000E+08 O.OOOOOOOE - 00 O. OOOOOOOE - 00 O. OOOOOOOE - 00 
O. l430000E+08 O. OOOOOOOE- 00 O. OOOOOOOE-00 O. OOOOOOOE - 00 
___ _Q_. 17 l 6000E +08 0 . OQQQQQQ E- QQ 0 . OQOOOQOE - OQ Q e OOOOOOOE - 00 
0 . 2002000E +08 O.OOOOOOOE- 00 O.OOOOOOOE- 00 O.OOOOOOOE - 90 
0 . 2288000E +08 O. OOOOOOOE - 00 O. OOOOOOOE - 00 O. OOOOOOOE - 00 
l8J 
TABLE F-3 
TRANSFORM FUNCTIONS FOR ALUMINUM AT 300°K. 
The tabulated values are as follows: 
5 
The parameter e is taken equal to one nearest neighbor 
spacing . The parameter ~ is that appropriate to this 




c CUr.ZZ6188ZZMT06 M B MCNEIL 08/31/65 FORf·'IO 0180 010 o c 
- ---
0.2860000E - 18 0.3318229E+Ol 0 . 3496503E+l9 0 . 1222553E+38 
0.5720000E-18 0.3318228E+Ol O.l748252E+l9 0.3056383E+37 
0.8580000E - 18 0 . 3318228E+Ol 0 . 1165501E+l9 0.1358393E + 37 
0.1 144000E- 1 7 0 . 3318229E+Ol 0 . 8741258E+18 0 . 7640960E+36 
0.1430000E - 17 0 . 3318229E+Ol 0 . 6993007E+l8 0 . 4890214E+36 
0 . 17 16000E - 17 0 . 3318229E+01 o.5B27506E+18 0 . 3395982E +36 
0 . 2002000E-17 0 . 3318 229E+O l 0 . 4995005E+l8 0.2495007E+36 
0 . 2288000E - 17 0 . 3318229E+01 0 . 4370629E+l8 0. 19 10240E+36 
0.2574000E - 17 0 . 3318229E+Ol 0.3885004E+18 O.l509325E+36 
0.2860000E - 17 0 . 3318229E+Ol 0 . 3496503E+l8 O.l222553E+36 
o.57zooooE - 17 0.3318228E+Ol O. l748252E+l8 0 . 3056383E+35 
0 . 8580000E - 17 0 . 33 18228E+Ol O.l165501E+l8 O. l358393E+35 
0.1144000E - 16 0 . 3318229E+Ol 0 . 874 1258E+l7 o.7640960E +34 
0.1430000E - 16 0.3318229E+Ol 0 . 6993007E+l7 0 . 4890214E +34 
0 .1 716000E - 16 0 . 3318229E+Ol o.5B27506E+17 0 . 3395982E +34 
O. ZOOZOOOE - 16 0.3318229E+Ol 0 . 4995005E+l7 0.2495007E +34 
0 . 2288000E-16 0 . 3318229E+Ol 0 . 4370629E+17 O. l 910240E +34 
0 . 2574000E - 16 0 . 3318229E+Ol 0 . 3885004E+l7 0 . 1509325E+34 
0.2860000E-16 0.3318229E+Ol 0 . 3496503E+l7 O. l 222553E+34 
0 . 5720000E-16 0.3318228E +Ol O. l748252E+17 o . 3056383E+33 
0.8580000E - 16 0 . 3318228E+Ol 0 . 1165501 E+l7 O. l358393E+33 
0 . 1144000E - 15 0.3318229E+Ol 0 . 8741258E+l6 0 . 7640960E+32 
0 . 1430000E-15 0 . 3318229E+Ol 0.6993007E+l6 0.4890214E +32 
O. l716000E - 15 0 . 3318229E+Ol o.ssz7506E+l6 0 . 3395982E +32 
0 . 2002000E-15 0 . 3318229E+Ol 0 . 4995005E+l6 0 . 2495007 E+32 
0 . 2288000E - 15 0 . 3318229E+0 1 0 . 4370629E+16 O. l910240E+32 
0 . 2574000E-15 0 . 3318229E+01 0.3885004E+l6 0 . 1509325E+32-
0 . 2860000E-15 0 . 3318229E+Ol 0.3496503E+l6 0 . 1222553E+32 
0 . 5720000E - 15 0 . 3318228E+Ol 0 . 1748252E+l6 0 . 3056383E +31 
0 . 8580000E - 15 0 . 3318228E+Ol 0. 1165501E+16 O. l358393E +3 1 
0 . 1144000E -1 4 0 . 3318229E+Ol 0.8741258E+15 0.7640960E +30 
O. l430000E-14 0.3318229E+Ol 0 . 6993007E+15 o.48902 14E +3o 
0 . 1716000E-14 0 . 33 18229E +Ol 0 . 5827506E+15 0 . 3395982E+ 30 
0 . 2002000E -1 4 0.3318229E+Ol o . 4995005E+l5 0 . 2495007E +30 
0 . 2288000E - 14 0 • 3 3 18 2 2 9 E +0 1 0 . 4370629E+15 0 .19 10240E +30 
0 . 2574000E -1 4 0 . 3318229E+Ol 0 . 3885004E+15 0 .1 509325E+30 
0 . 2860000E-14 0 . 33 18229E +Ol 0 . 3496503E+15 0.1222553E +30 
0 . 5720000E-1 4 0 . 3318228E+Ol 0 . 1748252E+l5 0 . 3056383E +29 
0 . 858ooooE-14 0.3318228E+Ol O. ll65501E+l5 0.1358393E +29 
0 . 1144000E-13 0 . 3318229E+Ol 0 . 8741258E+14 o.7640960E+28 
0 . 1430000E - 13 0 . 3 318 2 2 9 E +0 1 0.6993007E+14 0.4890214E+28 
0 . 17 16000E-13 0 . 33 18229E+01 0 . 5827506E+14 0 . 3395982E+28 
0 . 2002000E-13 0 . 3318229E+Ol 0 . 4995005E+l4 0 . 2495007E +28 
0.2288000E - 13 0 . 3318229E+Ol 0 . 4370629E+14 O.l9 10240E+28 
0 . 2574000E - 13 0 . 33 18229E+Ol 0 . 3885004E+l4 0 . 1509325E+28 
0 . 2860000E-1 3 0 . 33 18229E+Ol o . 3496503E+14 0 . 1222553E +28 
"'V3 
c CZ*ZZ618 8 ZZ 1"1T06 M 8 f"lCNEIL 08/31/65 F O Rt~ O 0180 010 01 
.... _ _. - -- ----
0.5720000E-13 0. 3318 22 8E+O l O.l748252E+l4 0.3056383E+27 
0.8580000E-13 0 . 3318228E+01 O.ll65501 E+14 O.l3 58393E+27 
O.ll44000E-12 0.3318229E+Ol 0.8741258E+l3 o.7640960E+26 
0.1430000E-12 0.3318229E+Ol 0.6993007E+l3 0 . 4890214E+26 
O.l716000E - 12 0 . 3318229E+Ol o.5827506 E+l3 0.3395982E+26 
0 . 200 2000E -12 0 . 3318229E+Ol O. 4995 005 E+ 13 0.2495007E+26 
0.2288000E -1 2 0.3318229E+Ol 0 . 4370629E+l3 O.l9 10240E +26 
0 . 2574000E-12 0 . 3318229E+Ol 0 . 3885004E+l3 0 . 1509325E+26 
0 . 2860000E-12 0.3318229E+Ol 0.3496503E+l3 O.l222553E+26 
o.572ooooE-12 0.3318228E+Ol O.l748252E+l3 0 . 3056383E+25 
0.8580000E-12 0.3318228E+Ol o.l165501E+l3 O.l358393E +25 
O.ll44000E-ll 0.3318229E+Ol 0.8741258E+l2 0 .7640960E+24 
O.l430000E - ll 0. 3318 229 E+O 1 0 . 6993007E+l2 0 . 4890214E+24:'' 
0 . 1716000E-11 0.3318229E+Ol o.5827506E+l2 0 . 3395982E+24 
0.2002000E-ll 0.3318229E+Ol 0.4995005E+l2 0 . 2495007E+24 
0 . 2288000E-11 0.3318229E+Ol 0.4370629E+l2 O.l910240E+24 
0.2574000E-ll 0.3318229E+Ol o.3885004E+l2 O.l509325E+24 
0.2860000E-11 0 . 3318229E+Ol 0.3496503E+l2 O.l222553E+24 
o.57zooooE-l l 0.3318228E+Ol O.l748252E+l2 0.3056383E+23 
0.8580000E-ll 0 . 3318228E+Ol O.ll65501E+l2 O.l358393E +23 
O.ll44000E - 10 0.3318229E+Ol 0.8741258E+ll 0 .7640960E+22 
O.l430000E-10 0.3318229E+Ol 0.6993007E+ll 0 .48902 14E+22 
O.l716000E-10 0.3318229E+Ol o.5827506E+ll 0 . 3395982E+22 
0.2002000E-10 0.3318229E+Ol 0.4995005E+ll 0.2495007E+22 
0 . 2288000E-10 0 . 3318229E+Ol 0 . 4370629E+l1 O.l9 10240E+22 
0 . 2574000E-10 0 . 3318229E+Ol 0.3885004E+11 O.l509325E+22 
0.2860000E-10 0 . 33 18229E+Ol 0 . 3496503E+ll 0.1222553E +2 2 ; 
0.5720000E-10 0.3318228E+Ol O.l748252E+ll 0 . 3056383E+21 ,.. 
0.8580000E-10 0 . 3318228E+Ol O. ll65501E+ll O.l358393E +21 
O.ll44000E - 09 0.3318229E+Ol 0.8741258E+l0 0 .764 0960E+20 
O.l430000E-09 0.3318229E+Ol 0.6993007E+l0 0 .4890214E+20 
O.l716000E - 09 0.3318229E+Ol 0.5827506E+10 0.3395982E +20 
0.2002000E-09 0 . 3318229E+Ol 0 . 4995005E+10 0.2495007E+20 
0 . 2288000E - 09 0.3318229E+Ol 0 . 4370629E+l0 O.l9 10240E+20 
0.2574000E -0 9 0.3318229E+Ol 0 . 3885004E+l0 O.l509325E+20 
0.2860000E-09 0.3318229E+01 0.3496503E+l0 O.l222553E +20 
0.5720000E-09 0.3318228E+Ol O.l748252E+l0 0 .3056383E+l9 
0 . 8580000E - 09 0 . 3318228E+Ol O.ll65501E+l0 0 .1358393E+ l 9 
O.ll44000E-08 0 . 3318229E+Ol 0.8741258E+09 0.7640960E+ l 8 
O.l430000E - 08 0 . 3318229E+Ol 0.6993007E+09 0 . 4890214E+l8 
O.l716000E - 08 0.3318229E+Ol o . 5827506E+09 0.3395982E +l 8 
0. 2002000E-08 0.3318229E+Ol 0.4995005E+09 0.2495007E+l8 
0.2288000E -0 8 0 .3318229E+Ol 0.4370629E+09 O.l910240E +l 8 
0.2574000E-08 0.3318229E+Ol 0.3885004E+09 O.l509325E +l8 
0 . 2860000E-08 0.3318229E+Ol 0.3496503E+09 O.l222553E+l8 
0.5720000E -08 0.3318229E+Ol O.l748252E+09 0.3056383E+ l 7 
103 
s -'-{ 
c cz-;:~zZ6188ZZMT06 M B MCNEIL 08/31/65 FORr-10 0180 010 oc 
---- ------
0 . 8580000E - 08 0.33 18229E+Ol O.ll65501E+09 0 . 1358393E + l7 
O.l l 44000E - 07 0.3318230E+Ol 0.8741260E+08 0 . 7640960E+l6 
O.l430000E - 07 0 . 3318230E+Ol 0 . 6993008E+08 0 . 4890214E+ l 6 
0 . 1716000E - 07 0 . 3318230E+Ol 0 . 5827506 E+08 0 . 3395982E+l6 
0 . 2002000E-07 0 . 3318230E+Ol 0 . 4995005E+08 0 . 2495007E+ l 6 
0.2288000E - 07 0 . 3318230E+Ol 0 . 4370630E+08 0 . 19 10240E +l6 
0 . 2574000E - 07 0 . 3318231E+Ol 0 . 3885005E+08 O. l509325E+ l 6 
0 . 2860000E - 07 0 . 3318231 E+Ol 0.3496504E+08 O.l222554E +l6 
0.5720000E - 07 0.3318232E+Ol 0 . 1748253E+08 0 . 3056384E+ l 5 
0.8580000E - 07 0 . 3318234E+Ol O. ll65502E+08 O. l358393E + l5 
O.ll44000E - 06 0.3318237E+Ol o.8741269E+07 o . 7640963E +l 4 
O. l430000E - 06 0 . 3318239E+Ol 0 . 6993018E+07 0.48902 1 7E +l 4 
O. l 716000E - 06 0 . 3318241E+Ol 0.5827516E+07 0 . 3395984E +l 4 
0.2002000E - 06 0 . 3318243E+Ol 0 . 4995016E+07 0 . 2495009E +l4 
0 . 2288000E - 06 0.33 18245E+01 0 . 4370640E+07 O. l9 10241 E+ l4 
0 . 2574000E-06 0 . 3318247E+01 0 . 3885015E+07 0 .1 509327E +l4 
0 . 2860000E - 06 0 . 3318249E+Ol 0 . 3496515E+07 0 .1 222555E+1 4 
0 . 5720000E - 06 0.33 18268E+Ol 0 . 1748263E+07 0 . 3056389E+l 3 
0 . 8580000E - 06 0 . 3318 289E +O 1 O. ll65512E+07 O.l358397E+l 3 
O. ll44000E - 05 0.3318309E+0 1 0 . 8741372E+06 o.7640993E+1 2 
O. l430000E - 05 0 . 3318330E+Ol 0 . 6993121E+06 0 . 489 0 24 0E +l 2 
O. l716000E-05 0.3318350E+Ol 0.5827620E+06 0 . 3396004E +l 2 
0 . 2002000E - 05 0 . 3318370E+01 0 . 4995119E+06 0.2495026E +l 2 
o . zzsaoooE -·os 0 . 33 18390E+01 0 . 4370743 E+06 O.l9 10256E+ l 2 
0 . 2574000E - 05 0 . 3318410E+Ol 0 . 3885118E+06 0 • 15 0 9 34 0 E + 1 2 
0 . 2860000E - 05 0 . 3318430E+Ol 0 . 3496617E+06 0 . 1222566E+ 1 2 
o . 572ooooE - o5 0 . 33 18631E+Ol 0 .1 748366E+06 0 . 3056449E+11 
0 . 8580000E - 05 O. 3318832E+O 1 o.ll65616E+06 0 . 1358436E+ ll 
O. l144000E - 04 0 . 3319034E+01 0 . 8742405E+05 0 . 764 1289E +1 0 
0 . 1430000E - 04 0.3319235E+Ol 0 . 6994154E+05 0 . 48904 7 7E +1 0 
0 . 1716000E - 04 0.3319436E +01 0.5828653E+05 0 . 339620 1 E+l0 
0 . 2002000E - 04 0 . 33 19638E+Ol 0.4996152E+05 0 . 24 95195E +1 0 
0 . 2288000E - 04 0 . 3319839E+Ol 0.4371777E+05 0 .19 10404E+l0 
0 . 2574000E - 04 0 . 3320041 E+O 1 0 . 3886151E+05 0 . 150947 1E+1 0 
0 . 2860000E - 04 0 . 3320242E+Ol 0.3497651E+05 0 . 1222685E+l0 
0 . 5720000E - 04 0 . 3322254E+Ol 0 . 1749400:::+05 0.3057041E+09 
0.8580000E - 04 0 . 3324268E+01 O. ll66650E+05 0 .135883 1E+09 
O. ll44000E-03 0.3326282E+Ol 0 . 8752750E+04 o.7644250E+os 
0 .1430000E - 03 0 . 3328295E+Ol 0.7004500E+04 0 . 489284 7E-t08. 
O. l716000E - 03 0 . 3330309E+Ol o . sa3900lE+04 0.3398176E +08 
0 . 2002000E-03 0 . 3332322E+Ol 0 . 5006503E+04 0 . 24 96888E +08 
0 . 2288000E - 03 0 . 3334336E+Ol 0 . 4382129 E+04 0 .1 9 11 886E+OS 
0 . 2574000E - 03 O. 3336351E+01 o . 3896506E+04 O. l510789E +08 
0 . 2860000E - 03 0 . 3338365E+Ol o . 3sosoo9E+04 0 .1 223871E +08 
o . s7zooooE - 03 0 . 3358512E+Ol 0 . 1759779E+04 0 . 3062980E +07 
0.8580000E - 03 0 . 337867·1E+Ol o . 1177050E+04 0 .1 362797E+0 7 
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c C Z '~ Z Z 6 18 8 Z Z fvl T06 M B MCNEIL 08/31/65 FORM O 0180 0 10 Ot 
-···----
O. l144000E-02 0. 3398840 E+O 1 0 . 8856964 E+03 0 . 7674039E+06 
0 . 1430000E-02 0.3419019E+0 1 o.710B928E +03 0.49167 16E+06 
O.l716000E-02 0. 3439 206E+O 1 0.5943641E+03 0 . 3418099E+06 
0 . 2002000E-02 0 . 3459401E+Ol o . 5111354E+03 0 . 2513992E+06 
0.2288000E-02 0.3479603E+Ol 0 . 4487191E+03 0.1926876E +06 
0 . 2574000E - 02 0 . 3499811 E+O 1 0.4001777E+03 0 . 1524134E +06 
0 . 2860000E-02 0 . 3520023E+01 0.3613488E+03 o.1235901E+06 
0 . 5720000E - 02 0 . 3722285E+01 0.1867300E+03 0.3124091E+05 
0 . 8580000E - 02 0.3924268E+01 O. l28652 8E+03 0 . 1404 182E+05 
0.1144000E - Ol 0.4125299E+01 0.9970456E+02 0 . 7989270E+04 
0 . 1430000E - 01 0 . 4324773E+01 o . 8240276E+oz o . s172783E +04 
0.1716000E-Ol 0.4522153E+01 0 . 7091992E+02 0 . 3634725E+04 
0 . 200 2000E - 0 1 0 . 4716965E+Ol 0 . 6275858E+02 0.2702444E+04 
0.2288000E - 01 0.4908793E+Ol 0.5667007E+02 0!2094193~ +04 
0.2574000E-01 0.5097280E+01 0 . 5196078E+02 O.l675007E+04 
0 . 2860000E-01 0 . 5282115E+01 0.4821460E+02 O.l3736 10E +04 
0 • 57 2 0 0 0 0 E - 0 1 0.6890349E +Ol 0 . 3171562E+02 0 . 3905296E +03 
0 . 8580000E - 01 0 . 8035659E+01 0 . 2628709E+02 O.l980475E+03 
0 . 1144000E - OO 0.8776542E+Ol 0 . 2338269E+02 0.1267241E +03 
0 . 1430000E - OO 0.9205948E+Ol 0.2139770E+02 0.9164482E +02 
O. l7 16000E-OO 0.94080 30 E+O 1 0 . 1984618E+02 o. 7132034E +02 
O. 2002000E-OO 0 . 9448704E+Ol O.l854159E+02 0 . 5821044E+02 
0.2288000E - OO 0 . 9376786E+Ol O. l739980E+02 0.4909072E+02 
0.2574000E-OO 0.9227579E+Ol O. l637754E+02 0.4238356E+02 
0 . 2860000E+OO 0.9026352E+Ol 0 . 1544975E+02 0 . 3723715E+02 
0 . 5720000E+OO 0.6411343E+Ol 0 . 9227881E+Ol 0 . 1576953E+02 
0 . 8580000E+OO 0 . 43 79 144 E +0 l 0 . 5895635E+Ol 0 . 8868557E +01 
0. 1 144000E +0 1 0 . 3013819E+Ol 0 . 3901760E+Ol 0 . 54 7 3919 E +0 1 
0 . 1430000E+Ol 0.2094103E+Ol 0 . 2638300E+01 0 . 3536999E+01 
O.l716000E+Ol O.l466576E+Ol O.l810001E+Ol o. 2348718E +01 
0 . 2002000E+01 O.l033592E+Ol O. l254845E+Ol O.l588334E +0 1 
0 . 2288000E+01 0.7321753E+OO 0 . 8769567E+OO 0 .1088280E +Ol 
0.2574000E+Ol 0. 5208 601 E+0-0 0 . 6167696E+OO 0.7530865E +OO 
0 . 2860000E+Ol O. 3718615E+OO 0 . 4360321E+OO 0.5252123E+OO 
0 . 5720000E+Ol O. l445335E - Ol O. l603239E - Ol O. l797717E - Ol 
0.8580000E+Ol O. 6328083E- 03 0 . 6843405E-03 0.74457 13E-03 
O. l l44000E+02 0.2943256E-04 0 . 3135476E-04 0 . 3353429E - 04 
O. l430000E+02 O.l421161E- 05 O.l498847E - 05 O. l 585182E - 05 
0. 17 16 0 0 0 E +0 2 0.7040796E-07 0.7372205E-07 0 . 7735250E - 07 
0 . 2002000E+02 0 . 3554473E-08 0 . 3701495E- 08 0 . 3860815E - 08 
0. 2288000E +0 2 O.l820497E-09 O. l887690E - 09 O. l959887E - 09 
0. 25 74000E +02 0 . 9 43108 9 E- ll 0 . 9745447E-ll 0 . 1008092E- 10 
0 . 2860000E+02 0 . 4931278E - 12 0 . 5081162E-12 0.5240214E - 12 
o.s7zooooE+02 O.l002477E-24 0 . 1018723E- 24 0 . 1035498E- 24 
0.8580000E+02 0 . 2599824E- 37 o . 2628589E-37 0.265799 1E- 37 
O.l 144000E+03 0 . 7494568E-50 o . 7557535E- so 0 . 762 1560E-50 
185 
7-fo 
c CZ*ZZ6188ZZMT06 M B MCNEIL 08/31/65 FORMO 0180 010 O• 
--
O.l430000E+03 0 .2293038E-62 0.230856 8 E-62 0.2324308E-62 
0.1716000E+03 0.7289497E-75 o.7330851E-75 0.7372675E-75 
0.2002000E+03 0 . 2380000E- 87 0.2391616 E-87 0.2403346E-87 
0 • 2 2 8 8 0 0 0 E +0 3 O.OOOOOOOE-00 O. OOOOOOO E-00 O.OOOOOOOE-00 
0.2574000E+03 O.OOOOOOOE- 00 O.OOOOOOOE-00 O.OOOOOOOE-00 
0 . 2860000E+03 O.OOOOOOO E- 0 0 O.OOOOOOO E-00 o.oooooooe-oo 
o.5720000E+03 O.OOOOOOOE-.QO O. OOOOOOOE-00 • o . oooooooe-oo 
0.8580000E+03 O.OOOOOOOE - 0 0 O.OOOOOOOE - 00 o .-oooooooE-oo 
0.1144000E+04 O. OOOOOOOE-00 O.OOOOOOOE - 00 O.OOOOOOOE-00 
0. 1430000E +0 4 O.OOOOOOOE-00 O. OOOOOOOE-00 O.O OOOOOOE -00 
0.1716000E+04 O. OOOOOOO E- 00 O. OOOOOOOE-00 o.oooooooe-oo 
0 . 2002000E+04 O. OOOOOOOE-00 O. OOOOOOOE-00 o .oooooooe·-oo 
0.2288000 E+04 O.OOOOO OOE- 00 O. OOOOOOOE-00 O. OOOOOOOE -00 
0.2574000E+04 O.OOOOOOOE-00 o.ooo~ooE-oo o.OOOOOOOE-00 
0.2860000E+04 O.OOOOOOOE-00 O.OOOOOOOE-00 o . oooooooe-oo 
0 . 5720000E+04 O.OOOOOOOE- 00 O. OOOOOOOE-00 o .oooooooe-oo 
0.8580000E+04 O. OOOOOOOE-00 O.OOOOOOOE-00 O. OOOOOOOE-00 
0.1144000E+05 O.OOOOOOOE - 00 O.OOOOOOOE - 00 O.OOOOOOOE-00 
0 .1430000E+05 O. OOOOOOOE- 00 O.OOOOOOOE-00 O.QOOOOOOE-00 
0.1716000E+05 O.OOOOOOOE-00 O.OOOOOOOE-00 o.OOOOOOOE-00 
0.2002000E+05 o . oooooooE~oo O.OOOOOOOE-00 O.OOOOOOOE-00 
0.2288000E+05 O.OOOOOOOE - 00 O. OOOOOOOE-00 O.OOOOOOOE-00 
0.2574000E+05 O.OOOOOOOE- 00 O.OOOOOOOE-00 o.oooooooe-oo 
0.2860000 E+0 5 O. OOOOOOOE - 00 O. OOOOOOOE-00 O.OOOOOOOE-00 
0.5720000E+05 O.OOOOOOOE-00 O. OOOOOOOE-00 O. OOOOOOOE-00 
0 . 8580000E+05 o.oooooooE - oo O. OOOOOOOE-00 O.OOOOOOOE-00 
0 .1144000E+06 O.OOOOOOOE-00 O. OOOOOOOE-00 o.oooooooe-oo 
0 .1430000E+06 O.OOOOOOOE - 00 O.OOOOOOOE - 00 O.OOOOOOOE-00 
0.1716000E+06 O.OOOOOOOE- 00 O.OOOOOOOE-00 0. OOOOOOOE·-OO 
0.2002000E+06 O.OOOOOOOE - 00 O.OOOOOOOE-00 o.oooooooe-oo 
0 . 2288000E+06 O.OOOOOOOE-00 O.OOOOOOOE - 00 o.oooooooe-oo 
0.2574000E+06 O.OOOOOOOE-00 O.OOOOOOOE-00 O.OOOOOOOE-00 
0 .2860000E+06 O. OOOOOOOE- 00 O.OOOOOOOE-00 0 . OOOOOOOE-O·o 
o.s7zooooE+06 O. OOOOOOOE-00 O.OOOOOOOE-00 O.OOOOOOOE-00 
0.8580000E+06 O.OOOOOOOE-00 O.OOOOOOOE-00 o.oooooooe-oo 
0.1144000E+07 O. OOOOOOOE-00 O.OOOOOOOE-00 o.oooooooe-oo 
O.l430000E+07 O.OOOOOOOE-00 O. OOOOOOOE-00 o .oooooooe-oo 
0 .1716000E +07 O. OOOOOOOE-00 O. OOOOOOOE-00 O.OOOOOOOE-00 
0.2002000E+07 O. OOOOOOO E-00 O. OOOOOOOE-00 o.oooooooe-oo 
0.2288000E+07 O.OOOOOOOE-00 O.OOOOOOOE - 00 o.oooooooe-oo 
0.2574000E+07 O. OOOOOOOE- 00 O.OOOOOOOE-00 o.oooooooe-oo 
0.2860000E+07 O.OOOOOOOE-00 O. OOOOOOOE-00 o.oooooooe-oo 
0.5720000E+07 O.OOOOOOOE-00 O. OOOOOOOE - 00 o.oooooooE-oo 
0 .85 80000E+07 O.OOOOOOOE - 00 O. OOOOOOOE-00 o.oooooooe -oo 
O.ll44000E+08 O.OOOOOOOE-00 O.OOOOOOOE-00 o.oooooooE-oo 
O.l430000E+08 O.OOOOOOOE-00 O.OOOOOOOE-00 o.oooooooe-oo 
C CZ*ZZ6188ZZMT06 M 8 MCNEI L 
0 , 1716000E+OB 
0, 200 2000E +08 
0 . 2288000E+08 
0 . 25 74000E +08 
0 . 2860000E+08 
0 . 5720000E+08 
0 , 8580000E+08 
0 . 1144000E+09 
0 . 1430000E+09 
0 . 1716000E+09 
0 . 2002000E+09 
0 , 2288000E+09 
0 , 2574000E+09 
0 , 2860000E+09 
0 . 5720000E+09 
0 , 8580000E+09 
0 , 1144000E+10 
0 . 1430000E +10 
0 ,1716000E+l0 
0 , 2002000E+l0 
0 , 2288000E+10 
0 . 2574000E + l0 
0 . 2860000E+10 
o . 5720000E + 10 
0 . 8580000E+10 
0 , 1144000E + 11 
O,l430000E+11 
0 .1716000E+ll 
0 . 2002000E+11 
0 . 2288000E+ll 
0 . 2574000E+11 
O,OOOOOOOE - 00 
O. OOOOOOOE- 00 
O, OOOOOOOE-00 
O. OOOOOOOE- 00 
O, OOOOOOOE - 00 
O. OOOOOOOE - 00 
O. OOOOOOOE - 00 
O, OOOOOOOE-00 
O, OOOOOOOE-00 
O. OOOOOOOE- 00 
O, OOOOOOOE-00 
O. OOOOOOOE- 00 
O, OOOOOOOE - 00 
O, OOOOOOOE-00 
O,OOOOOOOE - 00 
O, OOOOOOOE- 00 
O, OOOOOOOE - 00 
O, OOOOOOOE-00 
O, OOOOOOOE - 00 
O. OOOOOOOE- 00 
O, OOOOOOOE - 00 
O, OOOOOOOE- 00 
O. OOOOOOOE - 00 
O. OOOOOOOE- 00 
O, OOOOOOOE - 00 
O. OOOOOOOE- 00 
O. OOOOOOOE - 00 
O, OOOOOOOE- 00 
O, OOOOOOOE - 00 
O. OOOOOOOE- 00 
O. OOOOOOOE - 00 
106 
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O. OOOOOOOE - 00 
O, OOOOOOOE - 00 
O. OOOOOOOE-00 
O, OOOOOOOE - 00 
O. OOOOOOOE - 00 
O. OOOOOOOE- 00 
O. OOOOOOOE-00 
o . oooooooE - oo 
O, OOOOOOOE - 00 
O. OOOOOOOE-00 
O. OOOOOOOE-00 
O, OOOOOOOE - 00 
O, OOOOOOOE - 00 
O. OOOOOOOE - 00 
O. OOOOOOOE-00 
O. OOOOOOOE-00 
O, OOOOOOOE - 00 
O, OOOOOOOE - 00 
O, OOOOOOOE - 00 












STOP END OF PROGRAM AT STA TEMENT 0102 + 01 LIN ES . 
J - ? 
0180 010 oc 
O. OOOOOOOE - 00 
O. OOOOOOOE - 00 
O, OOOOOOOE - 00 
O, OOOOOOOE - 00 
O. OOOO OOOE - 00 
O, OOOOOOOE - 00 
O, OOOOOOOE - 00 
O, OOOOOOOE-00 
O, OOOOOOOE - 00 
O,OOOOOOOE - 00 
O. OOOOOOOE - 00 
O, OOOOOOOE - 00 
O, OOOOOOOE - 00 
O, OOOOOOOE - 00 
O, OOOOOOOE - 00 
O, OOOOOOOE - 00 
O, OOOOOOOE - 00 
O, OOO OOOOE - 00 
O. OOOOOOOE - 00 
O, OOOOOOOE - 00 
O, OOOOOOOE - 00 
O, OOOOOOOE - 00 
O, OOOOOOOE - 00 
O. OOOOOOOE - 00 
O. OOOOOOOE-00 
O, OOOOO OO E-00 
O. OOOOOOOE - 00 
O. OOOOOOOE - 00 
O.OOOOOOOE - 00 
O. OOOOOOOE - 00 
O. OOOOOOOE - 00 
l 07 
TABLE F-4 
TRANSFORM FUNCTIONS FOR SILICON AT 50°K. 
The tabulated values are as follows: 
5 
The parameter e is taken equal to one nearest neighbor 
spacing. The parameter ~ is that appropriate to this 
material and temperature, according to the work of Kroupa 
and Brown. 
lOR 
CZ*ZZ6179ZZMT06 M B MCNEI L 08/2 7 I 65 FORI-10 
~. '\_ 
0180 010 000 000 
0.4000000E-18 0.3318228E+Ol o.2500000E+l9 0.6249999E+37 
0.8000000E-18 0.3318228E+Ol O.l250000E+19 O.l562500E+37 
0.12000QOE-:l7 0.33182.29E+Ol _ _0.8333..3.33E+l8 . Q_._6_944444E+36 
O.l600000E-17 0.3318229E+Ol 0.6250000E+l8 0.3906250E+36 
0.2000000E-17 0.3318229E+Ol 0.5000000E+l8 0.2500000E+36 
.0 •. Et.O_Q.QQ.Q.f=-lL ____  .Q _. 3318 22 9 E+O_l_ ___ ... a. 41 66666 E + 1 8 0. 17 361 1 1 E + 36 
0.2800000E-17 0.3318229E+Ol 0.3571428E+l8 O.l275510E+36 
0.3200000E-17 0.3318228E+Ol 0.3125000E+l8 0.9765623E+35 
0 .3600QO.OE.::L7__ .0 .33.1.8228£+0 1 _____ Q. 2 77777aE±la __ _ 0 .7716047E+35 
0.4000000E-17 0.3318228E+Ol 0.2500000E+l8 0.6249999E+35 
O.SOOOOOOE-17 0.3318228E+Ol O.l250000E+l8 0.1562500E+35 
J)Jl.Q.O_QQOF-16 Q.3318229E+Ol 0.8333333E+17 D.6944444E+34 
0.1600000E-16 0.3318229E+Ol 0.6250000E+l7 0.3906250E+34 
0.2000000E-l6 0.3318229E+Ol 0.5000000E+l7 0.2500000E+34 
0.24..0.0.0.QOf..=.L6_ _______ .Q_.33lB..229£±0 1 ..0. 4166666&-l.J.___ 0. 1736111E+34 
0.2800000E-16 0.3318229E+Ol 0.3571428E+l7 O.l275510E+34 
0.3200000E-16 0.3318228E+Ol 0.3125000E+l7 0.9765623E+33 
_fr~60QOOOF-16 0.331822RE+01 0.277777RE+17 0,7716047E+33 
0.4000000E-16 0.3318228E+Ol 0.2500000E+l7 0.6249999E+33 
O.SOOOOOOE-16 0.3318228E+Ol O.l250000E+l7 0.1562500E+33 
- 0 • .12ilO.QO.O.E:=l5 ____ Q.33.1.8229LtO.L ___ _o_. 8 3 3 3 3 3 3.E+ Lb.-·- Q..6 94444 4E + 3 2 
O.l600000E-15 0.3318229E+Ol 0.6250000E+l6 0.3906250E+32 
0.2000000E-15 0.3318229E+Ol 0.5000000E+l6 0.2500000E+32 
. ..0 ... 24.D.O.OilllE-=.15__ a. 331 8 z 29 E±D..L _____ _ o. 41 66666 E + 1 6 a. 1 1361 1 1 E + 32 
0.2800000E-15 0.3318229E+Ol 0.3571428E+l6 O.l275510E+32 
0.3200000E-15 0.3318228E+Ol 0.3125000E+l6 0.9765623E+31 
0 .36000_QQE_-:l5_ ___ .0 ... 33.1.822.8£±.0 1 ____ .0 . 2777778Et.L6_ _____ .. 0 . 77 16047E+31 
0.4000000E-15 0.3318228E+Ol 0.2500000E+l6 0.6249999E+31 
o.8ooooooE-15 o.3318228E+01 o.1zsooooE+l6 o.l562500E+31 
O.l200000E-14 0.3318229E+Ql 0.8333333E+l5 0.6944444E+30 
O.l600000E-14 0.3318229E+Ol o.6250000E+l5 0.3906250E+30 
0.2000000E-14 0.3318229E+Ol 0.5000000E+15 0.2500000E+30 
0.2400000E-14 0 •. 33.18229.£+01. .0 •. 4 166666E+L5 .O.l736111E+30 
0.2800000E-14 0.3318229E+Ol 0.3571428E+15 0.1275510E+30 
0.3200000E-14 0.3318228E+Ol 0.3125000E+l5 0.9765623E+29 
0 .3.6.00.0Q.Q£_- 1 4 0 • 33 1 8 22 RE+D.l__ o • 2 777778 E + 1 5 _ _o . 77 1 6047E ±29 
0.4000000E-14 0.3318228E+Ol 0.2500000E+l5 0.6249999E+29 
o.8ooooooE-14 o.3318228E+Ol o.1250000E+l5 o.l562500E+29 
O.l200000E-=13. - 0 •. 3.3.18229-E±Ol o .• .83.33333E+l4. .0 .• 6944444E+28 
O.l600000E-13 0.3318229E+Ol 0.6250000E+l4 0.3906250E+28 
0.2000000E-13 0.3318229E+Ol 0.5000000E+l4 0.2500000E+28 
0. 2.40.0.0.0.0-E..:=..l3 0. 3318 2 29 E+O l .0..4166666 E+ 14 0. 17 36111 E +28 
0.2800000E-13 0.3318229E+Ol 0.3571428E+l4 O.l275510E+28 
0.3200000E-13 0.3318228E+Ol 0.3125000E+l4 0.9765623E+27 
0. 3 600000.E "="' 1-3- - -- .0..--3.318 2 2 8E ±0-L - _ . ..0 .. 2.J_1-7.1-J-8.E::+-l4--.. -- - 0.771604 7E +27 
0.4000000E-13 0.3318228E+01 0.2500000E+14 0.6249999E+27 
109 
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o . aooooooE-1 3 o . 3318228E+Ol o .l 250000E+l4 
O.l200000E-12 0 . 3318229E+Ol 0 . 8333333E+l3 
0 .160000QE::.12 __ .. _ _Q_..33..lB229.E.±Ol O~ 6250.._G.QO.E±..l3-
0 . 2000000E-12 0.3318229E+Ol 0 . 5000000E+l3 
0.2400000E-12 0 . 3318229E+Ol 0 . 4166666E+l3 
_ ... 0 .... 28Q.Q.O.QOE- 12 0.3318229E+01 0.3571428E+13 
0.3200000E-12 0 . 3318228E+Ol 0 . 3125000E+l3 
0 . 3600000E -12 0 . 3318228E+01 0.2777778E+l3 
0 • 400.Q.Q.Q.QE=--l2 -··-0 .. .3.31822-B.E±O.L - ----...0 . . 25-00 0 0 0 E + 13 
O. BOOOOOOE -1 2 0.3318228E+01 O. l250000E+l3 
0.1200000E-11 0 . 33 18229E+Ol 0 . 8333333E+l2 
. ---O.~O.O.OOE 11 0.3318229E+01 0 .6250000E+ 12 
0.2000000E-11 0.3318229E+Ol 0 . 5000000E+l2 
0 .2400000E -11 0 .3318229E+01 0.4166666E+l2 
0. 280M.O.OE.~-LL----- --O . 33 18 22.9-E.:t.O.L - --- 0.....35-.7 142 8E+ 12 
0 .3200000E -11 0 . 33 18228E+Ol 0 . 3125000E+l2 
0 . 3600000E-11 0 . 33 18228E+Ol 0 . 2777778E+l2 
__ ..0.....4000000E- 1 1 0. 331 8 22 8E+O 1 0. 2 500000E+ 12 
o.aooooooE-11 o . 3318228E+01 o .12 50000E + l2 
0 .1200000E-10 0 .3318229E+Ol 0 . 8333333E+ll 
0 • 16 0 0 0 0 0 E -1 Q_ _ .~.3.3..1.8229 E_t!l.L_. ______ .0...625..0 0 0 0 E ±li-
0 . 2000000E - 10 0 . 3318229E+Ol O.SOOOOOOE+ll 
0 . 2400000E -10 0 . 3318229E+Ol 0 . 4166666E+ll 
0 • 2 8 0 Q_O 0 O..E =-LO .. __ ____ .0 ... ..3.31 a 2 2 9 E + Cl.L 0 • 3 5 7 J 4 2 8 E + 1 1 
0 . 3200000E -10 0 . 3318228E+Ol 0.3125000E+11 
0 . 3600000E -1 0 0 . 3318228E+01 0 . 2777778E+ll 
V·"J 
0180 010 000 000 
O. l562500E +27 
0 . 6944444E +26 
0 . 390625 0E+26 
0 . 2500000E + 26 
O. l736 111 E+26 
O.l2755lOE+26 
0 .9765623E+25 
0 . 77 1604 7E+25 
-0 . 6 249999E+25 
O.l562500E +25 
0 . 6944444E+24 
0.3906250E+24 
0.2500000 E+24 
0 • 1 7 36 111 E + 2 4 
--O..l2755lOE+24 
0 . 9765623E +23 
0 . 77 16047E+23 
n .o249999E+23 
0 .1562500E +2 3 
0 . 6944444E+22 
0 . 3906250E+22 
0 . 2500000E +22 
0 . 17361 11 E+2 2 
0 . 1 2755 1 OE±22 
0 . 9765623E +21 
0 . 77 16047E+21 
0 . 4000000E -10 ___ .0 .... .3.3.J..822.8£.j-_Q.l. _____ .. _o ... 25_QQO_QOE+ll .. 0.6249999 E+21 
o.aooooooE -1 0 o . 3318228E+Ol o . 12sooooE+ll o .l562500E+21 
O.l 200000E - 09 0 . 3318229E+Ol 0 . 8333333E+10 0 . 6944444E+20 
. . . 0 .• 1.6 .0 . .0.0 .Cl..O.E=-.0.9 o • 3 3 1 a 2 2 9 E + o 1 o • 6 2 5 o 0 0 o E + 1 a o • 3 9 0 6 2 5 a E + 2 0 
0 . 2000000E - 09 0 .33 18229E +01 0.5000000E+l0 0.2500000E +20 
0.2400000E -09 0 . 33 18229E+Ol 0 . 4166667E+l0 O.l736111 E+20 
0 . 2800000E-09 0 . 33 18229 E.+O 1 0 .• 35 7L428E.+.J...O._ .0 . 12755 10E+20 
0 . 3200000E - 09 0.3318228E+Ol 0.3125000E+l0 0 . 9765623E+ 19 
0.3600000E - 09 0 . 3318228E +Ol 0 . 2777778E+l0 0 .7716047E+l9 
.. 0 • . 4.0.0.Cl.OOOE - 09 0 . 33 18 22 8E+O 1 0 . 2 5QOOOOE+ 1 a __ _Jou.......J. 6~24:t..9:L9:L:L9:L9Et:..+:L.L.19:;t.__ 
o.aooooooE-09 o . 3318229E+Ol o.12sooooE+lO o . l562500E +19 
O.l200000E-08 0.3318230E+Ol 0 . 8333334E+09 0 . 6944444E+l8 
0. 1600000E - .08 0 . 3318230EtO.L___ 0 . 62.5 QO_Ql .E+..ll.Q__ . _ 0 ... 3906 250E + 1 8 
0.2000000E-08 0.3318231E+Ol 0 . 5000001E+09 0 . 2500000E +1 8 
0.2400000E-08 0.3318231E+Ol 0 .41 66667E+09 O.l7361 11E+18 
0 ... 2800illl.Cl.E.~Cl.B.._ 0 - 3318231 E+Ol 0 .3 571429E+09 _G .l 27551 0E ±l8 
0.3200000E-08 0 . 33 18231E+Ol 0 . 3125001E+09 0 . 9765623 E+17 
0.3600000E-08 0 . 33 1823 1 E+Ol 0 . 2777779E+09 0 . 77 16048E +17 
0 .. 4000000E:-08 _______ .o_.. 3 318 232E:t-.Ql ___ Q...25_0.0.0.0.LE:f:.Q.9._ ~ . 0.....6.250 000E+ 17 
o.aooooooE - oa o.3318236E+01 o .l 25ooolE+09 o.l562500E+l7 




1.( .. ~ 
0 180 010 000 000 
0 . 1200000E - 07 0 . 3318240E +Ol 0 . 8333344E+08 0 . 6944446E +16 
0 . 1600000E-07 0 . 33 18244E +Ol 0 . 6250012E+08 0 . 3906252E+ 16 
0 . 200000QE~07 0 . 3318248E+Ol 0 . 500001 2E+08 0 . 2 500002E +l6 
0 . 2400000E - 07 0 . 3318252E+Ol 0 .41 66678E+08 0 . 17361 12E+16 
0 . 2800000E-07 0 . 3318256E+Ol 0 .3 5 7144 0E+08 O. l2755 11 E+16 
.. 0.32QD.OO.O.E-07 . - ·--11• 331B259E+O l O. 31250 1 2E+08 - 0 , 9765635E+l5 
0 . 3600000E - 07 0 . 3318262E+01 0.2777790E+08 0 . 77 16058E+15 
0.4000000E - 07 0 .3318266E+Ol 0.2500012E+08 0 . 6250008 E~ l 5 
o . sooooooe-cn .. o.~31-830-5.E±.Ol- - ----O .. l .2S..O.O-l.-6-e +..O.S- - .o .• l56250 4 E+l5 
O.l200000E - 06 0 . 3318343E+Ol 0 . 8333 453E+07 0 . 6944474E +l4 
O. l600 000E - 06 0 .331838 2E+Ol 0 . 6250 121 E+07 0 . 3906273E+l 4 
. .0. .. 20.0.0.0.0.Q.E-=..Q.6_ 0 . 33 1B420E +Ol Q,5000121E+07 0 . 25000 18 E+l4 
0 . 2400000E-06 0 . 3318459E+01 0 . 4166788E+07 O.l736 126E+ l 4 
0 . 2800000E - 06 0 . 3318497E+Ol 0 . 3571550E+07 O. l275523E+l 4 
0 .32000D..O~ _o .. 33~8..53AE:t-1ll _ .0 . 3125121 E_t.Q..1 __ __Q , 9765738E +l3 
0 . 3600000E - 06 0 . 33185 72E+Ol 0 . 2777899E+07 0 . 7716 15 1E+l3 
0 . 4000000E-06 0 . 33 18611E +Ol 0 . 2500121E+07 0 . 625009 1E+l3 
__ n-8oooaaoe - a6 a . 331 B99 4E+a l o.1250J22E+07 o .l56254 6E+l 3 
O. l 200000E - 05 0 . 3319377E+Ol 0 . 833 4 54 9E +06 0 . 6944 752E+1 2 
O.l600000E -05 0 . 3319761E+Ol 0 . 6251217E+06 0 . 390648 1E+ l2 
0 . 2000000E.- 05 _ 0...332..CU.4.!t£±0 1 a . 5001 21 7E.t06 _ 0 . 2500 185 E+1 2 
0 . 2400000E - 05 0 . 332052 7E+Ol 0 .41 67 884E +06 O. l736265E+ 12 
0 .2800000E - 05 0 . 3320910E+Ol 0 . 3572646E+06 O.l275642E+l2 
0 • .3.20.0.0..0..0£=.0..5__ 0 . 33 21 29 3 E±.Q.l ___ ... ...0....31 2621 7 E+ a6 a . 9766 779E+ 1 1 
0.3600000E-05 0.3321676E+Ol 0 . 2778995E +06 0 . 7717076E+l l 
0 . 4000000E - 05 0 . 3322059E+Ol 0.2501218E+06 0 . 6250923E+ll 
O. SOOOOOOE-05 0..3325B..97.Et01 - 0~. 12512.L9E.+..06.----. O.l56296 2E+l l 
O. l200000E - 04 0 . 3329739E+Ol 0 . 8345529E+05 0 . 6947529 E+l0 
O. l600000E - 04 0 . 3333586E+Ol 0 . 6262203E+05 0 . 3908564E+l0 
0 • .2.0.0.0.0.0 Q E -0 4 0 • 3 3 3 743 9 E +a 1 ....~a.~...o • ....:5..ua.L.1L..2'-'2'-]w.O.uE~+u0..~-5L-.. __ _~,o.L. ...... z~5..uO..~-lw8;;J....5.L..o2"-~E~+~:....l"""O"'----~ 
0 . 2400000E - 0 4 0 . 3341297E+Ol 0 .417 8884 E+05 O. l737655 E+l 0 
0 . 2800000E - 04 0 . 3345 161E+Ol 0 . 3583653E+05 O.l276834E+ l 0 
0.3200000E - 0.4 0....3-34902.8£+-01 - 0 ... 31.37.2..3-l E+0-5 0 . 977720 7E+09 
0 . 3600000E -04 0 . 3352903E+Ol 0 . 27900 16E+05 0 . 7726347E +09 
0 . 4000000E-04 0 .3356782E+Ol 0 . 25 1 2246E+05 0 .6259271E+09 
o .~.o~~-~o-.~3~3~9~s~a~7~3~e~+~o~l----~a~.~~~z~6~2~3~,~6~E~+~o~s~-- o.l567 147E+09 
O. l200000E - 03 0 . 3435506E+Ol 0 . 8457 191E +04 0 . 6975503E +08 
O.l600000E -0 3 0 . 3475690E+Ol 0 . 6374567E +04 0 .3929601E+08 
0 . 2000000E-O 3 0..35l643.lE+Ol O. 5.125.282E+04 .. 0 . 25 l 8727E +08 
0 . 2400000E - 03 0 , 3557738E+Ol 0 .4292669E+04 O. l751756E+08 
0 . 2800000E-03 0 .3599617E+Ol 0 . 3698 158E+04 O. l288953E+08 
0 ... 320QQQaE a3 Q....3..6_42a77E+O.L. ... _ __o...__:l3.&...2..;.15.&...2.!:t4..o.6.::.4.~.:..E..:x:.+.u0.!:t4 __ ~o ... ..::z.9..o.B..a.B..:l3_.5 ..... 5 uO~E..:::~:+..uOu.7_ 
0 . 3600000E - 03 0 . 3685126E+Ol 0 . 2905982E+04 0 .7 82 1135E+07 
0 . 4000000E - 03 0 . 3728772E+Ol 0 . 2628952E +04 0.6344817E+07 
0 . 8000000.E ~03_ 0 •. 4.19.9.8 5 BE+O 1 0.138.68.0.7£+04 0 .l6.lll5..8£±()_7 
O.l?OOOOOE-02 0 . 4740120E +Ol 0.9787398E+03 0 . 7277830E +06 
lll 
CZ*ZZ6179ZZMT06 M B MCNEIL 0 8 I 2 7 I 6 5 F 0 R t-1 0 
"(.~ 
0 180 0 10 000 000 
O.l600000E - 02 0 . 5359334E+01 0 . 7798283E+03 0 . 4163585E +06 
0 . 2000000E - 02 0 . 6068554E+01 0 . 6651564E+03 0 . 2712 18 9E +06 
0 • 24 O.OO.OO.E=v-0 2- ---....0....-0a.a.o.U0£±.0.--l-- - 0 . 59 315 0 2 E-±-0 3 0 . -l-9-1864 9 E +06 
0 . 2800000E - 02 0 .7808591E+Ol 0.5460543E+03 O. l437290E+06 
0 . 3200000E - 02 0.8869386E+Ol 0 . 5150524E+03 O. ll23 18 1E+06 
.. _.0.3600000E-02 Ool008055E+02 0 .4953073E+03 0 . 9068303E +05 
0.4000000E - 02 0.11462 19E+02 0 . 4839783E+03 0.75 1507 2E+05 
o.aooooooe - 02 o .41 26637E+02 o . 6453984E+03 o . 260l 166E +05 
0 .. 1200..0.0.0£~1------ -O. • . Ut.07801E+03 - O.l334-l-64E-±04- -----0....2069748E+05 
0 . 1600000E - Ol 0.44454 15E+03 0 . 312682 1 E+04 0.2713677E+05 
o.2ooooooe-o1 o .1 298344E+04 o .7443279E+04 o .4642 190E+0 5 
..... 0 ... 2.4..Q.O.QOOE -OL ......0... 35 2 54 72 E+04 0 o l 73 2139E+05 0 o 88087 30E+05 
Oo2800000E - 01 0 . 8956050E+04 0 . 3889572E+05 O. l 7 14493E +06 
0.3200000E -01 0.2141491E+05 0 . 8395979E+05 0.3314186E +06 
0.36000.00.E- Dl . __ .O .. itc.a4.62.7.9.E:t-_G5__ __.0...~.7_41846E±0.6 ___ 0.628 1219E+06 
0 . 4000000E - 01 O.l043117E+06 0 . 3477636E+06 O.ll61373E +07 
o.aooooooe - 01 o . 3039971E+08 o.6585686E+oa o. l4 26729E +09 
_ .Q _ _.l2J)QQOOE-:-OO 0 . 9945752E+09 0 . 1767925E+1 0 0 . 31426 14E±JO 
0 .1600000E-OO O. l036543E±ll O.l641028E+11 0.2598037E+ll 
o . zooooooe - oo o . 5517726E+ll o . ao91963E+11 o. ll 867 19E+1 2 
0 . 24000_QQE::OO 0 • .19~5.74.9 E+_l2 .0 . 26.6.05_6M± 12 __ .. _ _o_._369494 3E+ 12 
o . zaoooooe - oo o.4985980E+12 o . 6647522E+l2 o.aa62765E +12 
0 . 3200000E -OO O.l058962E+l3 O.l367742E+l3 O.l766559E ±13 
0 . 360.00Jl0£.::.Q.il. .. _. __ .. .O .• i9..3.8..6ilEti.3 ____ __a.. 2441 1 1 6E+ 1 3 __o_. 30738 29E+13 
0 . 4000000E+OO 0 . 3173931E+l3 0 . 3914316E+l3 0 . 48274 16E+1 3 
0.8000000E+OO 0 . 2697562E+l4 0 . 3012243E+l4 0 . 3363660E±l4 
0 .1 2000.0.0.E±.QL_ -·- .0...-4l213..62..7E±l.~---- - ..0..-4~5 Ol54E±L4---·-· 0 . 4796888 E+ 14 
0 .1600000E+Ol 0 . 3976049E+l4 0.42095 14E+14 0 . 4457086E+l4 
0 . 2000000E+Ol 0 . 3192406E+l4 0.3344249E+l4 0 . 3503893E±l4 
0.24~QQOOE +OJ 0 .2 353242E+J4 Oo2 448582E+ l 4 Oo2548423E+l4 
0.2800000E+Ol O.l 659246E+l4 O. l718728E+l4 0 . 1780936E ±l4 
0 . 3200000E+O l O.ll41501E+l4 O.l178790E±l4 O. l217791E±l4 
0.3600000E+OL O. 71.42759E±13 0 .• 79.1J31t . .6..8E+ l 3. - .. 0 .. 8225 178E+l3 
0 . 4000000E+O l 0 . 5208137E+l3 0 . 5358401E+13 0.55158 16E+l 3 
0 . 8000000E ±Ol 0 . 8857851E+ll 0.9065934E+ll 0.9284060E±ll 
O .. l20Q.Q.QOE+02 _ O.l484596E+ 1Q 0 . 15 ]61 86E+10 a .J549]64E+10 
0 .1600000E+02 0 . 2506421E+08 0.2555335E+08 0.2606209E +0 8 
0 . 2000000E+02 0 . 4258879E+06 0 . 4335693E+06 0 . 441534 1E+06 
0 . 24000.00E±02. _0...._72_7_628.Af±Q.4 __ 0 .• 73 98335.&0.4. .. ______ .0 . 75 24561 E +04 
0 . 2800000E+02 O.l 249001E+03 O. l268588E+03 O.l288800E+03 
0.3200000E+02 0 . 2152727E+Ol 0 . 2184432E+Ol 0 . 2217086E +Ol 
__ 0~3~QE+Q2 0 . 3723675E-Ol a.3775383E-Ql 0 . 3828 546F-Ol 
0 .4000000E+02 0.646 1500E-03 0 . 6546388E- 03 0 . 6633534E-03 
o.aooooooE+02 o .1aozosoe-2o o. l 817484E - 2o o .1 833 184E-20 
Q. _l2UQD.Cl.O£:t-..D3_. a . 57041 55E- 38 o . 57404llE=:38 _____ Q.5777250E-38 
O.l600000E±03 O.l931684E-55 o.1941477E - 55 0 .195 1369E-55 
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4 · '-
0180 0 10 000 000 
0 . 2000000E+03 0 . 6823268E - 73 0.6852012E-73 0 . 6880998E-73 
0 . 2400000E +03 O. OOOOOOOE- 00 O. OOOOOOOE-00 o . OOOOOOOE -00 
0 . 28 000005~.0 3-. - 0-. 000-0.00-0 6 - 00- 0 .-OOOOOOOE--00 --- 0 . OOOOOOOE - 00 
0 . 3200000E+03 O. OOOOOOOE- 00 O. OOOOOOOE-00 O. OOOOOOOE-00 
0 . 3600000E+03 O. OOOOOOOE - 00 O. OOOOOOOE - 00 O. OOOOO OOE-00 
~.4ooooooE+03 o .oooooooe-oo o .oooooooe-oo o . oooooooe-oo 
0 . 8000000E+03 O. OOOOOOOE-00 O. OOOOOOOE - 00 O. OOOO OOOE-00 
0. 1200000E+04 O. OOOOOOOE- 00 O. OOOOOOOE - 00 O. OOOOOOOE-00 
0 .. 160QQO..Oc+0.4 0 •. 0000.0-DD E- .00 -·- ---0 . QO.OOOOOE.:..O_Q___ 0 . OOOOOOOE -00 
0 . 2000000E +04 O. OOOOOOOE - 00 O. OOOOOOOE-00 O. OOOOOOO E-00 
0 . 2400000E +04 O. OOOOOOOE - 00 O. OOOOOOOE - 00 O. OOOOOOO E-00 
_o_.2.8n.o.oooE +04 o . ooooooo E- oo a . oaooaooE - ao o . oooo oaae-oo 
0 . 3200000E+04 O. OOOOOOOE - 00 O. OOOOOOOE - 00 O. OOOOOOOE-00 
0 . 3600000E +04 O. OOOOOOOE- 00 O. OOOOOOOE-00 O. OOOOOOOE-00 
0 . 4000000£ +04_ .Jl...QQQQ_QO..QE_:-_Q_Q_ ____ O.....O..OO..O.O..D.O£.-_QQ. __ 0 . OOOO OOOE -oo 
0 . 8000000E+04 O. OOOOOOOE- 00 O. OOOOOOOE - 00 O. OOOOO OOE-00 
O. l200000E+05 O. OOOOOOOE - 00 O. OOOOOOOE-00 O. OOOO OOOE -00 
.. -D~OOOOOE+05 O. OOOOOOOE 00 o . OOOOOOOE- 00 O. OOOOOOOE-00 
0 . 2000000E +05 O. OOOOOOOE - 00 O. OOOOOOOE - 00 O. OOOOOOOE-00 
0.2400000E +05 O. OOOO OOOE-00 O. OOOOOOOE- 00 O. OOOOOOOE - 00 
0 . 28 OOOOOE +05. Q....QO.D.Q_QOO E- 00 ..O....OOOOOOOE.:O_D_ __ 0 . OOOOOOOE -00 
0 . 3200000E+05 O. OOOOOOOE- 00 O. OOOOOOOE - 00 O. OOOOOOO E-00 
0 . 3600000E+05 O. OOOOOOOE- 00 O. OOOOOOOE-00 O. OOOOOOOE - 00 
0 . 400Q.O..O..QE;t-05_. ___ _Q . 0000000 E illl._ ______ .Q.. OOOOOOOE- 00 0 . OO OOOOOE-00 
0 . 8000000E +05 O. OOOOOOOE - 00 O. OOOOOOOE-00 O. OOOOOOOE - 00 
O.l 200000E +06 O. OOOOOOOE- 00 O. OOOOOOOE - 00 O. OOOOOOOE - 00 
0 • 16 0 0 0 0 0 E + 0 6_ _ 0 • .Q_Q_QQ_Q_QD-E.=.Q.O. 0 -.0.0.0.0.0 M-E=-0-0-- 0 ...0.0 0 0 0 0 0 E -0 0 
0 . 2000000E+06 O. OOOOOOOE- 00 O. OOOOOOOE-00 O. OOOOOOOE-00 
0 . 2400000E+06 O. OOOOOOOE - 00 O. OOOOOOOE - 00 O. OOOOOOOE - 00 
o . zaoooooF +06 o . oooooooE - oo o . oooooaaE - oo o . oooooooe-oo 
0 . 3200000E+06 O. OOOOOOOE - 00 O. OOOOOOOE-00 O. OOOOOOOE -00 
0 . 3600000E +06 O. OOOOOOOE- 00 O. OOOOOOOE-00 O. OOOOOOO E-00 
0 . 4000000E +06 0 . OQ.QQOOO..E - 0.0 O. OO.OOOOOE - 00 - ---· 0 . 00.0.0.0~..0.0---
0 . 8000000E+06 O. OOOOOOOE- 00 O. OOOOOOOE-00 O. OOOOOOO E- 00 
O. l200000E+07 O. OOOOOOOE - 00 O. OOOOOOOE - 00 O. OOOOO OOE-00 
O. l6QQDOOE+07 O. OOOOOOOE- 00 D. OOOOODDE 00 D. ODODOOOE-00 
0 . 2000000E +07 O. OOOOOOOE - 00 O. OOOOOOOE - 00 O. OOOOOOOE - 00 
0 . 2400000E+07 O. OOOOOOOE- 00 O. OOOOOOOE- 00 O. OOOOOOOE - 00 
0 . 2800000E+07 0 . OQQDDOOE- QO 0 . OODOOOOE- 00. - 0 ... o..o.o..oao oE-00 
0 . 3200000E+07 O. OOOOOOOE- 00 O. OOOOOOOE-00 O. OOOOO OOE - 00 
0 . 3600000E+07 O. OOOOOOOE - 00 O. OOOOOOOE - 00 O. OOOOOOOE - 00 
0 . 4QQ_QQOOF +07 ____ 0 . 00000..00 E- 00 ___ Q.._Q_Q_Q.QQQOE - 00 D. QOOOQOQE-00 
0 . 8000000E+07 O. OOOOOOOE - 00 O. OOOOOOOE - 00 O. OOOOOOOE - 00 
O.l 200000E +08 O. OOOOOOOE- 00 O. OOOOOOOE- 00 O. OOOOOOO E-00 
0 • 16 0 0 0 0 OEt 01L - ---_Q...Q.O.O..O O.Q.Q£.~...Q.O.... ---. . 0 • 0-0.0 0 0 0 OE=-0.0...-- . 0 • .0.0 0 0 0 0 0 E -0 0 
0.2000000E+08 O. OOOOOOOE-00 O. OOOOOOOE - 00 O. OOO OOOOE-00 
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.. -- ·---------- - -·--·- ----·---- -·-·- ·- - - - ---
"{ p., 
0 18 0 010 000 000 
0 . 2400000E +08 O. OOOOOOOE- 00 O. OOOOOOOE - 00 O. OOOOOOOE-00 
0 . 2800000E +08 O. OOOOOOOE - 0 0 O. OOOOOOO E- 00 O. OOOOO OOE-00 
o. 3 2oo.ooo e.-+=OS---- o.ooooooo E- oo - o~ -oo.o.o.ooo &:- oa- - o. oooooooe-oo 
0 . 3600000E +08 O. OOOOOOO E- 00 O. OOOOOOO E- 00 O. OOOOOOOE-00 
0 . 4000000E +08 O. OOOOOOOE- 00 O. OOOOOOOE - 00 O. OOOOOOOE-00 
...•. .• o.....ao.OOOOOE +0 8 _o_ooooooo E- Q.D_ 0 . OOOOOQOE 0 0 0. OOOOOOOE-00 
0 .1 200000E +09 O. OOOOOOOE- 00 O. OOOOOOOE- 00 O. OOOOOOOE-00 
0 .1600000E +09 O. OOOOOOOE - 00 O. OOOOOOO E- 00 O. OOOOOOOE-00 
0 . ZO.OOOO..OE..:t-.09 . 0 . 0000000 E:-.0.0_ • 0 . 0000000~.00 ... __ . 0 . OOOOOOOE-00 
0 .2400000E +09 O. OOOOOOOE - 00 O. OOOOOOOE - 00 O. OOOOOOOE-06 
0 . 2800000E +09 O. OOOOOOOE- 00 O. OOOOOOOE - 00 O . OOOOOOOE~OO 
.. .,..._ 0....3..2.QO..O.O..OE +09 o . ooooooo E-oo o . o ooooo oE oo a . ooooaaoe-oo 
0 . 360 0000E +09 O. OOOOOOOE- 00 O. OOOOOOOE - 00 O.O OOOOOQE- 00 · 
0.400000 0 E+09 O. OOOOOOOE- 00 O. OOOOOOOE - 00 0 . 0000000~~0 · 
0 • 8 OOOODOE +09_ 0 • ..OD.QO..O.O..O_E_~O.O___ O. OO OOO OOE=-0.0 0 . OOOaaao·e-oo 
0 . 1200000E +1 0 O. OOOOOOOE - 00 O. OOOOOOOE - 00 O.OOOOOOOE-00 
0 .1600000E + l0 O. OOOOOOOE- 00 O. OOOOOOOE - 00 O.OOOOOOOE-00 
..... - _ .0_. 2.QQOOO OE + 10 0 . 0 000000 E 00 0 . OO OOO OOE 00 0 . oaooOOOf=rllO 
0 . 2400000E +10 O. OOOOOOOE- 00 O. OOOOOOOE- 00 O.OOOOOOOE•OO 
0 . 2800000E +l 0 O. OOOOOOOE - 00 O. OOOOOOOE - 00 O. OOOOOOOE-00 
0 . 3200000E + l0 O. Q.O_Q_QQO.OE- 00 _ D..-'lO.QOOOOE::-:.00 . _Q, QOoaoaae-aa 
0 . 3600000E +l 0 O. OOOOOOOE - 00 O, OOOOOOOE - 00 O. OOOOOOOE-00 
0 . 4000000E + 10 O. OOOOOOOE- 00 O. OOOOOOO E- 00 O. OOOOOOOE-00 
0 .. 800.QQQQE±.LQ _____ ___ Q._QOOOOOO E- .Q.O_ 0 . OOOOOOOE - OQ a , oaoaaaae- ao 
O.l 200000E+ll O. OOOOOOOE- 00 O. OOOOOOOE - 00 O. OOOOOOOE-00 
O.l600000E+ll O. OOOOOOOE - 00 O. OOOOOOOE - 00 O. OOOOOOOE-00 
0 . 20000.00E +ll - o__...o_Oll.QO.O.OE=..O . .O _ ___ Q....OQOOOOOE - 0.0__ a, oooaoaoe-oa 
0 . 2400 000E+ l1 O. OOOOOOOE - 00 O. OOOOOOOE - 00 O. OOOOOOOE-00 
0 . 2800000E + l l O. OOOOOOOE- 00 O. OOOOOOOE - 00 O. OOO OOOOE-00 
.0 .... 32.0.0.0.QQ E+ll O. OOOOOOOE 00 O. OOOOOOOE - 00 O. OOOaaoae-ao 
0 . 3 60 0000E +ll O. OOOOOOOE - 00 O. OO OOOOOE - 00 O. OOOOOOOE- 00 
STOP END OF PROGRAM AT STATEr"1ENT 0 102 + 01 _LINES . 
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TABLE F-5 
TRANSFORM FUNCTIONS FOR SILICON AT l00°K. 
The tabulated values are as follows: 
5 
The parameter e is taken equal to one nearest neighbor 
spacing. The parameter ~ is that appropriate to this 
material and temperature, according to the work of Kroupa 
and Brown. 
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C.'L 
o1ao 010 ooo ooo· ; 
6~-4-ooooooE -18 o . 3-3Ia22-8E+o_1__ o . 2soooooE+19 o . 6 249999E+37 
o.8oo ooooE -18 o . 33 18228E +Ol o.l 25ooooE+19 o.1562500E+37 
0 .1 200000E -1 7 0 . 3318 229 E+O 1 Q__.Jtll.ll33 E+ 18 .. _ . _ Q . 6944444E+36 
0 .1600000E -17 0 . 3318229E+Ol 0,6250000E +18 0 . 3906250E+36 
0 . 2000000E - 17 0,3318229E+01 0 , 5000000E+18 0 .2500000E+36 
0 • 24:9.QQQ_Q_I;_::-J.] . ________ Q_._B_tfl.22..2J;_!"_QJ ___ .. 0 . 4166666 E + Ul 0 . 17 36111 E+36 
0 . 2800000E - 17 0 , 33 18229E+Ol 0 , 3571428E +18 O.l 275510E+36 
0 . 3200000E- 17 0 . 33 18228E +Ol 0 . 3125000E +l 8 0. 9765623E+35 , 
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___ Q~~OOOOOOE+03 O. OOOOOOOE- 00 O.OOOOOOOE- 00 O,OOOOOOOE-00 
0.8000000E +03 O.OOOOOOOE - 00 O. OOOOOOOE - 00 O.OOOOOOOE-GO 
O.l200000E+04 O. OOOOOOOE- 00 O. OOOOOOOE - 00 O.OOOOOOOE-00 
0. 16Q.OOO_Q~_j-_Q.4:.. -· _Q.!_QQQ Q_OQ . .O_~_=.Q_Q ___ ··-· 0 . OOOOOOOE-00 __ 0 . OOOOOOOE-00 
0 . 2000000E+04 O.OOOOOOOE- 00 O. OOOOOOOE- 00 O.OOOOOOOE-9,0 
0 . 2400000E+04 O. OOOOOOOE - 00 O. OOOOOOOE - 00 O. OOOOOOOE-QO 
__ Q. 2800000E+04 p . OOOOOOOE- 00 O. OOOOOOOE-00 O.OOOOOOOE-00 
0 . 3200000E+04 O. OOOOOOOE-00 O. OOOOOOOE- 00 O. OOOOOOOE-00 
0 . 3600000E+04 O.OOOOOOOE- 00 O. OOOOOOOE - 00 O. OOOOOOOE-00 " 
. 0 • 4 QO Q Q__QQ E +0 L ____ Q . _o 0 00 0 OQ.f.-J)_Q __ __Q....Q OO 0 0 0 0 E- OQ_ 0. 0 OOOQQOE -00 
0 . 8000000E+04 O. OOOOOOOE- 00 O. OOOOOOOE-00 O.OOOOOOOE-00. 
O.l200000E+05 O. OOOOOOOE - 00 O.OOOOOOOE- 00 O. OOOOOOOE-00 
_ ....... O ..... lQ.OOOOOE +05 0 . 0000000 E-00 O. OOOOOOOE - 00 0 . OOOOOOOE-00 
0.2000000E+05 O. OOOOOOOE-00 O. OOOOOOOE-00 O.OOOOOOOE-00 
0.2400000E+05 O.OOOOOOOE- 00 O. OOOOOOOE-00 O.OOOOOOOE-00 
0 . 28 OO.O_OQ_E. +0 ~- ·- 0. OOOOO_QQ.E.~OO 0 . OOOOOOOE- 00 _Q_.OOOOOOOE-00 
0 . 3200000E+05 O. OOOOOOOE- 00 O.OOOOOOOE - 00 O.OOOOOOOE-00 
0 . 3600000E+05 O. OOOOOOOE - 00 O. OOOOOOOE-00 O. OOOOOOOE-00 
O . ~Q9000 QE+05 ___ O. OOOOOOOE- 00 O. OOOOOOOE - 00 O.OOOO OOOE-00 
0 . 8000000E+05 O. OOOOOOOE - 00 O. OOOOOOOE-00 O. OOOOOOOE -00 
o.120ooooE+06 o . oooooooe-oo o.oooooooe-oo o . oooooooe-oo 
o.l60009Q~~.0 6 __ __ _ o .oooo~Q~~~QQ --- ~_. oooooooe- oo _ o . oooooooe-oo 
0 . 2000000E+06 O. OOOOOOOE- 00 O. OOOOOOOE - 00 O. OOOOOOOE-00 
0.2400000E+06 O. OOOOOOOE-00 O.OOOOOOOE-00 O. OOOOOOOE-00 
0.~800000E+06 O. OOOOOOOE- 00 O. OOOOOOOE- 00 O.OOOOOOOE-00 
0 . 3200000E+06 O.OOOOOOOE - 00 O.OOOOOOOE- 00 O.OOOOOOOE-00 
0 . 3600000E+06 O.OOOOOOOE-00 O.OOOOOOOE- 00 O. OOOOOOOE-00 
o . 4ooooooe +06 o . ~OQQQ(~Q E_- og o. Q_Qpooooe - qo ___ . . _ o ._oooooooe-oo 
0 . 8000000E+06 O.OOOOOOOE- 00 O.OOOOOOOE - 00 O. OOOOOOOE-00 
O.l200000E+07 O. OOOOOOOE - 00 O. OOOOOOOE - 00 O. OOOO OOOE-00 
_ ... o-~-~6.QOO..Q .Q~_j-OJ___ o . ooooooo E- oo o . ooooooo E- oo o. oooooooe-oo 
0 .2000000E+07 O. OOOOOOOE- 00 O. OOOOOOOE - 00 O. OOOOOOOE -00 
0 . 2400000E+07 O.OOOOOOOE- 00 O.OOOOOOOE- 00 O. OOOOOOOE-00 
0. 28 OOOOOE +07 0 • . QOOJ> OQ_Q..f - 09 _ Q. OOO.OQ_OQ.E:: OQ __ _0., QOOOOOOE-00 
0 . 3200000E+07 O. OOOOOOOE- 00 O. OOOOOOOE - 00 O.OOOOOOOE-00 
0 .3600000E+07 O. OOOOOOOE - 00 O. OOOOOOOE - 00 O. OOOOOOOE-00 
___ 0 . ~_OOOOOOE +Q7 0. 0000000 E-:-_00 0. OOOOOOOE-00 0 . OOOOOOOE-00 
0 . 8000000E+07 O. OOOOOOOE - 00 O. OOOOOOOE - 00 O. OOOOOOOE-00 
O.l200000E+08 O. OOOOOOOE- 00 O.OOOOOOOE- 00 O.OOOOOOOE-00 
0 . 19QQ_QQ..9...f .. ±..QlL _ Q_~ .OO_QQ.O_QQ E- _0.0. 0 , QJLO.QQ..OO E_-:-_Q_Q___ Q_._QQOOOOOE -00 
0 .2000000E +08 O. OOOOOOOE- 00 O. OOOOOOOE- 00 O. OOOOOOO E-00 
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0.2400000E+08 O.OOOOOOOE-00 O.OOOOOOOE-00 
0.2800000E+08 O.OOOOOOOE-00 O.OOOOOOOE-00 
0. 3_20.009Qf.+08 ---· 0 .OOO_OQQ..Q.£-:Q_Q__ .... ___ 0. OOOOOOOE.:-_PJL 
0 . 3600000E+08 O.OOOOOOOE - 00 O.OOOOOOOE - 00 
o.4ooooooE+08 o.oooooooe- oo o.oooooooe-oo 
___ __ __ Q_ ~_e_OOOOOO~ +08 0. 0000000 E- 00 0. OOOOOOOE - 00 
O.l200000E+09 O.OOOOOOOE- 00 O.OOOOOOOE-00 
O.l600000E+09 O. OOOOOOOE-00 O. OOOOOOOE-00 
0. 2009QPQf:+_Q9 _ ___ Q ._Q__QQ_QO.O..O_E=il_Q___ o . OOOOOOOE-00 
0.2400000E+09 O.OOOOOOOE-00 O.OOOOOOOE-00 
0.2800000E+09 O.OOOOOOOE-00 O.OOOOOOOE-00 
___ __ 0 •. 3.2.Q.O...Q.Q.OE +0 9 0 . OOOOOOQ E-00 0. OQOOOOQE - 00 
0.3600000E+09 O.OOOOOOOE-00 O. OOOOOOOE-00 
0.4000000E+09 O.OOOOOOOE-00 O.OOOOOOOE-00 
_ 0 .•.. 8_0.0Q.Q.O..Q.U..Q.9_ _ ___ ~QQ.O..O_OQ.E~_QO 0. OQOOOOOE- 00 
O.l200000E+l0 O.OOOOOOOE-00 O.OOOOOOOE-00 
O.l600000E+l0 O.OOOOOOOE-00 O. OOOOOOOE- 00 
__ ._ .. .Q •• _2.000000E + 10 0. 0000000 E- 00 0. OOOOOOOE-00 
0 . 2400000E+l0 O. OOOOOOOE-00 O.OOOOOOOE-00 
0 . 2800000E+l0 O. OOOOOOOE- 00 O.OOOOOOOE-00 
0.3 200Q_Q_Q_f_±_]._O ________ .Q~_9_Q_Q_QOO~Ll;-OO ___ Q. OOOOOOOE-00 
0.3600000E+l0 O.OOOOOOOE-00 O.OOOOOOOE-00 
0.4000000E+l0 O. OOOOOOOE-00 O. OOOOOOOE - 00 
0 . 8000000E+l0 O. OOOOOOOE - 00 O. OOOOOOOE-00 
O. l200000E+l1 O.OOOOOOOE-00 O. OOOOOOOE-00 
0.1600000E+11 O.OOOOOOOE-00 O.OOOOOOOE-00 
0. 200000Q_E_+ 11 _ ·- __ 0 .00_9_00.Q.9£-:-_QQ_ __ (h OO.OOOOOE.-00 _ _  
0.2400000E+l1 O.OOOOOOOE-00 O. OOOOOOOE-00 
0.2800000E+ 11 O. OOOOOOOE-00 O. OOOOOOOE-00 
Q.!}_?__Q_po _  OO E + 11 0 . OOOOQ_OO E-00 0. OOOOOOOE-00 
0 . 3600000E+11 O.OOOOOOOE- 00 O.OOOOOOOE - 00 
STOP END OF PROGRAM AT STATEMENT 0102 +_ Ql _ _!JNES . --·- · 
o1ao 010 ooo ~o6 
O.OOOOOOOE-00 
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TRANSFORM FUNCTIONS FOR SILICON AT 300°K. 
The tabulated values are as follows: 
5 
The parameter e is taken equal to one nearest neighbor 
spacing. The parameter ~ is that appropriate to this 
material and temperature, according to the work of Kroupa 
and Brown. 
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" · 't. 
0180 010 000 0( 
---·- ··a.4000000E-18 0.3318228E+01 0.2500000E+19 0.6249999E+37 
o.8ooooooE-18 o.3318228E+o1 o.12sooooE+19 o.1562500E+37 
o_.12Q.QQ..Q.OE-1! _____ .9~.~~.JJJ.22.9.f;~QJ .. ___ o. __ 83l._~33~E_+l8... _ 0.6944444E+36 
0.1600000E-17 0.3318229E+01 0.6250000E+18 0.3906250E+36 
0.2000000E-17 0.3318229E+Ol 0.5000000E+l8 0.2500000E+36 
__ ___ 0.2~Q_OOOOE-1"t 0.3318229E+Ol 0.4166666E+18 0.1736111E+36 
0.2800000E-17 0.3318229E+Ol 0.3571428E+18 O.l275510E+36 
0.3200000E-17 0.3318228E+01 0.3125000E+18 0.9765623E+35 
0, ?60Q.9QQE-1I__ ..... 0. 33l..§..Z_2.§E +Q_l _____ _ ~_l_7777_7 8E_+ 1!L 0. 7716047E+35 
0.4000000E-17 0.3318228E+Ol 0.2500000E+18 0.6249999E+35 
0.8000000E-17 0.3318228E+Ol 0.1250000E+18 0.1562500E+35 
.. Q_._l200000E-16 0.3318229E+01 0.8333333E+17 0.6944444E+34 
0.1600000E-16 0.3318229E+01 0,6250000E+17 0.3906250E+34 
0,2000000E-16 0.3318229E+01 0 .5000000E+17 0.2500000E+34 
0 ~ 24Q.Q.QOQE - _H> ______ ..Q _ _!_:}_31_8 22_9 ~:'::.9.1 . ____ , ____ h~J 6666_f}.E+ 1.7_ _ __ 0. 1736111E+34 
0.2800000E-16 0.3318229E+01 0,3571428E+17 0,1275510E+34 
0.3200000E-16 0.3318228E+01 0,3125000E+17 0,9765623E+33 
0,3600000E-16 0.3318228E+01 0,2777778E+17 0.7716047E+33 
.. ·-a·: 4 0 0 0 0 0 0 E- 16 0 • 3 3 18 2 2 8 E + 0 1 0 • 2 5 0 0 0 0 0 E + 1 7 0 • 6 2 4 9 9 9 9 E + 3 3 
o.8ooooooE-16 o.3318228E+Ol o.1250000E+17 o.1562500E+33 
0.12000_00~-1..2 . _ Q.!~_3_!!3_~29E +Ql_ __ _9_. 833333~E+1_9 _____ 0,6944444E+32 
0.1600000E-15 0.3318229E+Ol 0,6250000E+16 0.3906250E+32 
0.2000000E-15 0.3318229E+01 0.5000000E+16 0.2500000E+32 
. Q.! 2~QOO_QQ~.=l2 ____ .. _.Q .•. l} 18 f29 E+Q_1 .. __ __ ·- 0. 4166666E+ 16 0. 1736111E+32 
0.2800000E-15 0.3318229E+01 0.3571428E+16 O.l275510E+32 
0.3200000E-15 0.3318228E+01 0.3125000E+16 0.9765623E+31 
0. 3600000 E-15 0. 3.318 ?? 8E+O 1 9.'! . .? 777_l7!:!f ':':J_g 0. 771604 7E+31 
0,4000000E-15 0.3318228E+01 0,2500000E+16 0.6249999E+31 
o.8ooooooe-1s o.3318228E+01 o.125ooooE+16 o.1562500E+31 
0.1200000E-14 0.3318229E+Ol 0.8333333E+l5 0,6944444E+30 
-·-·o.-f600000E-14 0.3318229E+01 0.6250000E+l5 0.3906250E+30 
0,2000000E-14 0.3318229E+01 0,5000000E+15 0.2500000E+30 
0. 24090.0.0E:-.l4. p_._n.lli2.2.2.E +~U .. o. 4166.9.6..6 .. ~-+:l.L____ o. 17 36111E+30 
0.2800000E-14 0.3318229E+01 0,3571428E+l5 0.1275510E+30 
0.3200000E-14 0.3318228E+01 0.3125000E+15 0.9765623E+29 
__ _o_._3Q_OOOOOE-14 0.3318228E+OJ_.. 0.2777778E+l5 0,7716047E+29 
0.4000000E-14 0.3318228E+01 0.2500000E+15 0.6249999E+29 ·· 
o.8ooooooE-14 o.3318228E+01 o.1250000E+15 o.1562500E+29 
0,12000_00_1;::-1;? 0._2;3_1...B2.2.2..E+01 p . 83333.3.3E+l4__ __0.6944444E+28 
0,1600000E-13 0.3318229E+01 0.6250000E+14 0.3906250E+28 
0.2000000E-13 0.3318229E+01 0.5000000E+14 0.2500000E+28 
0. 2't_QOOOOE -13 __ Q. 3318 229 E-t:_Q.l __ _____ 0. 4166666E+ 14 0.17 36111E+28 
0.2800000E-13 0.3318229E+01 0.3571428E+14 O.l275510E+28 
0.3200000E-13 0.3318228E+01 0.3125000E+14 0,9765623E+27 
0. 3600000E -13 o.~~~J_8_f.?..§~:+:O .. ~ _ o. 2 777_77 8E+ 14 0. 771604 7E+27 
0 .4000000E-:.-13 - 0. 3318 22 8E+O 1 a·.-2soOOOOE +-f4--- ·---o -.6 249999E+27 
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~ · l 
0180 010 000 0• 
- --- - ------·-----------0 . 8000000E-1 3 0 . 3318228E+Ol 0 .1 250000E+l4 0 .1562500E+27 
0 .1 200000E-1 2 0 . 3318229E+01 0 . 8333333E+l3 0 . 6944444E+26 
0 • 1600Q_QO.f.::.l.2.. _ .. 0 •.. B .Ht22.2_E:tO_l 0. 62 5-.0_Q.OO.E+ l _3___ 0 . 3906250E+26 
0 , 2000000E -12 0,3318229E+Ol 0 . 5000000E+l3 0.2500000E+26 
0,2400000E -1 2 0 , 3318229E+Ol 0 . 4166666E+l3 O.l736111E+26 
O. t~2.6.00000E -1 2 Q, 3318229E+Ol Q, 3571428E+13 _ 0 .1275510E+26 
0 , 3200000E-1 2 0 , 3318228E+01 0,3125000E +1 3 0 . 9765623E+25 
0 , 3600000E- 12 0 . 3318228E+0 1 0 . 2777778E+l3 0.77 16047E+25 
0 , 40.0Q.O...O..o..E=12_ _ _ 0.....3..3..lJL2.2._8.8-lLL _____ D_._25JlQJLQ.Q£j-13 Q.6 249999E+25 
Q,80QOOOOE-12 0,3318228E+01 Q,1 250000E+13 0 ,1562500E+25 
0, 1200000E- 11 0 , 3318229E+Ol 0,8333333E+l2 0 . 6944444E+24 
Q,1600000E- 11 0 , 3318229E+01 0 .6250000E+l2 0 ,3906250E+24 
0,2QOOOOOE-11 0 . 3318229E+01 o.5000000E+12 0 ,25aOOOOE+24 
0 ,2400000E- 11 0 , 33 18229E+Ol 0,4166666E+12 0 .1736lllE+24 
0 . ?8QQ_Q__QOE -:1.1 ___________ 0 !__2_2_18_2_Z_'LE+01 .. ____ _9_!_;35 7142 8_E+ 1_2 _ _Q_, 127§510E+24 
0 , 3200000E -11 0 . 3318228E+Ol 0 . 3125000E+12 0,976S.623E~23 
0 , 3600000E-11 0 , 3318228E+Ol 0.2777778E+l2 0 ,7716047E+23 
Q ,_1_Q_90QOO~_::JJ ___ O, 3318 22 8E+O 1 O, 25 OOOOOE+ 12 0 , 6249999E+23 
O, SOOOOOOE- 11 0 .3318228E+01 0 .1250000E+12 0 .156~500E+23 
0 ,1 200000E -10 0,33 18229E+0 1 0,8333333E+l1 0 , 6944~4E+22 
o . 160QQOQ_!:-::_1 0 _0~ 33 Pt229_~9_L ____ __ _Q_~.2_250000E_:U__l _ _o. 39062~0E+22 
0,2000000E -10 0,3318229E+01 O.S OOOOOOE+ll 0 . 2500000E+22 
0,2400000E - 10 0,3318229E+01 0 . 4166666E+11 0 .1736111E+22 
() , ?_8 0 _Q_Q_Q_O ~ -_lQ _ _____ _ 0_ . _ 3 ~-t~_f_2 9_E_+_O _1 -~0~, .::::...3 .::::...5 .;_7 ~14..:...!2::...:8:::...!E::....+:....:1~1=-- ~0~, ...::.1.::::..2..:...;7 5:::..:5::-;l::...:O:...:E,_+-=2=2.____ 
0 ,3 200000E - 10 0 . 3318228E+Ol 0 . 3125000E+11 0,9765623E+21 
0 , 3600000E -10 0,3318228E+Ol 0,2777778E+ 1 l 0 , 77 16047E+21 
0 ,4Q_OOQ_Q_QJ;=J ... O_ _ 0 _. ~..2J.8 22e.~_+Q_L _ 0_, _2 ~_QOOOO_~±JJ_ ___0. 6 249999E+21 
0 , 8QOOOOOE -10 0 , 3318228E+01 0 . 1250000E+11 O.l562500 E+21 
0 .1 200000E-09 0 . 33 18229E+01 0,8333333E+10 0,6944444E+20 
_ Q ~ .. J..q_OOOOOE-09 0 , 3318229E+Ol 0 , 6250000E+l0 0 , 3906250E+20 
0 , 2000000E - 09 0 . 3318229E+01 0 , 5000000E+l0 0 . 2500000E+20 
0 , 2400000E - 09 0 . 33 18229E+01 0 . 4166666E+10 0 .1736 111E+20 
0 , 2800000E_- 0_9 ___ o_._~~-t~ .229_f;;.±QJ __ ___ _Q_,_;3_?_1]._4..2Jlt.t_l_Q_ O.l 275510E+20 
0 . 3200000E - 09 0 . 3318228E+Ol 0 . 3125000E+10 ~~9765623E+l9 
0,3600000E - 09 0 . 3318228E +Ol 0 . 2777778E+l0 0 .7716047E+l9 
Q~~9~0_QOOE -09 0 . 33 18228E+01 0.2500000E+l0 0 . 6249999E +l9 
0.8000000E - 09 0 . 33 18229E+01 0 .1 250000E+l0 0 .1562500E+l9 
O.l 200000E - 08 0.3318229E+Ol 0 . 8333333E+09 0 , 6944444E+18 
0 , 16 OOQOOE - 08 0 .~_3_l§ _f._3_Q _E+O 1 _9_~ 62500_Q_Q_~_+09_ _0 . 3906250E + 18 
0,2000000E - 08 0 , 3318230E+01 Q, 5000001E+09 0 . 2500000E+l8 
0 . 2400000E - 08 0 . 3318230E+01 Q, 4 166667E+09 0 .1736111E+l8 
0,2_f3 _Q_QOQOE -O_~-- 0 . 3318230E+Ol 0,3571429E+09 O,l275510E+l8 
0.3200000E - 08 0 . 3318230E+Ol 0.3125000E+09 0 . 9765623E+l7 
0 , 3600000E- 08 0 .3318230E+01 0 . 2777778E+09 0 .771604SE+l7 
0 , 400_9_0QQ_~:-0.§ _0 ~~3 1 ~~~Q_E!__Qj, ____ 0 , 2 5000_Qj_ ~_+_Q_9_ 0 . 6 24 9999E+ 17 
o.8ooooooe-o8 o . 3318233E+0 1 o. l 250001E+09 o .l562500E+l7 
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.. ·-·~-·-·-·-------------
O, l200000E - 0 7 0 . 33 18236E+Ol Q, 8333341E+08 0 , 6944445E+16 
0 ,1600000E - 07 0 , 3318239E+Ol 0 . 6250008E+08 0 . 3906 251E+16 
0 . 2000.0_0_Q_E._-:._QI _____ .Q..331..825.LE+..O_L - .. 0 .. ..5_Q.Q.O.O..Q8 E +.0.8 _ 0 . 25 oooo 1 E+ 16 
0 . 2400000E - 07 0 . 3318244E+Ol 0 . 4166675E +08 0 . 1736112E +l6 
0 , 2800000E - 07 0 . 3318246E+Ol 0 . 3571436E+08 O, l275511E+16 
0 . ..3.2.Q.QQQOE - 07 0 . 33 18 248 E+O 1 0 . 3125008 E +08 0 . 9765631 f+l 5 
0 , 3600000E - 07 0.3318250E +01 0 . 2 77 7785E+08 0 . 7716055E+15 
0 . 4000000E - 07 0 . 33 18253E+01 0 . 2500008E+08 0 , 6250005E+l5 
0 • . 8 OOO.Q.O ..O_E ::-0 .. 7 ______ ._Q_._3_3.l8.2.L8_E +0 1 _Q. 12 5 QOOaE.±_O_&__ 0 . 15625_02E+ 15 
O,l200000E - 06 0 . 3318304E+Ol 0 . 8333413E +07 0 . 6 944464E+l4 
O,l600000E - 06 0 . 33 18330E +0 1 0 . 6250080E+07 0 ,3906 265E+l4 
- ---·- ... o ..• _2000000E - 06 0.33 18355E +Ol 0 , 5000080E+07 0 , 25 000 12E+14 
0 . 2400000E - 06 0 . 33 18380E +Ol 0 . 4166 747E+07 0 ,1736121E+14 
0 . 2800000E - 06 0 , 3318405E+01 0 , 3571509E +07 O,l 2755 19E+14 
0 ~ 2 f.QQ.QOO _t- og_ ... __ _Q..!.).~J-~~2._0 E+O ~ Q_. 312508 ~j:_j-O_L 0 , 9765700E+ 13 
0 . 3600000E - 06 0 . 33 18455E+Ol 0 . 2 77 7859E+07 0 ,7716117E+l3. 
0 , 4000000E-06 0 . 33 18480E +01 Q, 250008 1 E+07 0 , 6 250061E+13 
____ Q...!._BOOOOOOE - 06 0,3318733E+Ol O. l250081E+07 O,l562531E+l3 
O. l 200000E - 05 0 . 33 18985E +Ol 0 . 8334143E+06 0 , 6944650E+l2 
O, l600000E - 05 0 . 33 19238E +01 0 , 6250810E+06 o . 39064 04E+12 
0 . 2009_Q_QQ_~_-::Q2 __ _Q_!_TI 19490 E+O 1 0 . 5 0008 l_OE :t 06__ _ 0 , 2500} 23E+ 12 
0 . 2400000E - 05 0.3319742E +01 0 . 4 167477E +06 O.l736214E+l2 
0 , 2800000E - 05 0 . 33 19994E+O l 0 . 3572239E+06 O.l275598E+12 
.. _ O ~) .. ?.OOOOQ.~ -05. 0,33 20246E +01 ___ 0 . 3125811E+06 0 , 9 766 396E+11 
0 . 3600000E- 05 0 . 3320498E+01 0 , 2778589E+06 0 ,7716735E+11 
0,4000000E - 05 0 , 3320751E +Ol 0 . 2500811E+06 0 , 62506 17E+ll 
0 . 8 OO_OQ.OOE~J)2_ __ _ 0_._ 3j_2_32 76Et0_l . ~_12508 1 1 Et_06 . __ .. __ ..Q... 1562809E+ 11 
O, l200000E - 04 0 . 3325803E+01 0 , 8341453E+05 0 , 6946507E+10 
O, l600000E - 04 0 , 3328332E+0 1 0 , 6258 123E+05 Q,3907797E+10 
....... P~ ... 2_9.00000E - 04 0,3330864E+01 0 . 5008126E +05 0 .2501238E+l0 
0 . 2400000E - 04 0 , 3333398E+01 0 . 4174796E+05 0 .17 37143E+l0 
0 . 2800000E - 04 0 . 3335934E+Ol 0,3579561E+05 O.l276395E+10 
0 , 3 20POOOE -.0~ Q~_.33~_$4}j_E +QJ. _____ QL.3..llll.3 5_E+ . .0..5. ____ Q ,_9773367E+09 
0 , 3600000E - 04 0,33410 11 E+Ol 0,2 78591 6E+05 0 . 77 22 933E+09 
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